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NOVEL LIPASES AND USES THEREOF

Fleld of the invention

The Invention relates to newly identified polynucieotide sequence ;x:mptising a
gene that encodes a novel lipolytic enzyme from Aspergillus niger. The invention
features the full length nucleotide sequence of the novel gens, the cDNA sequence
comprising the full langth coding sequence of the novel lipolytic enzyme as well as the
amino acld sequence of the full-length lipolytic enzyme and functional equivalents
thereof. The invention also relates to methods of using these enzymes in industrial
processes and methods of diagnosing fungal infections. Also Included in the invention
are cells fransformed with a polynucleotide according to the invention and csils wherein
a lpolylic enzyme according to the invention is genetically modified to enhancs its
activity and/or level of expression.

Background of the invention

Baked products such as bread are prepared from a dough which is usually made
from the basic ingredlents (wheat) flour, water and optionally salt. Depending on the baked
products, other lngred’ents added may be sugars, flavours etceteras. For leavened
products, primarily’ baker's yeast is used next to chemical leavening systems such as a
combination of an acld (generating compound) and bicarbonate.

In order to improve the handling properties of the dough and/or the final properties
of the baked products there is a continuous effort to develop processing aids with improving

—...25_ _ propertles. Processing alds are defined hereln as compounds that improve the handiing

properties of the dough and/or the final properties of the baked products. Dough properties
that may be improved comprise machineability, gas retatmng capability, reduced stickiness,
efasticity, extensibllity, moldability etcetera. Properties of the baked products that may bs
improved comprise loaf volume, crust aispiness, crumb texture and softness, flavour
relative staleness and shelf ife. These dough and/or baked product improving processing
alds can be divided into two groups: chemical additives a1d enzymes *(also refemred to as
baking enzymes).

Yeast, enzymes and chemical additives are generally added separately to the
dough. Yeast may be added as a liquid suspension, in a compressed form or as
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active dry (ADY) or instant dry yeast (IDY). The difference between these yeast
formulations is the water- and yeast dry matter content. Liquid yeast has a yeast dry matter
content of less than 25% (w/). Cream yeast Is a particular form of liquid yeast and has a
dry malter content between 17 and 23% (wlv). Compressed yeast has a yeast dry matter
content between 25-35% (w/v) while the dry yeast formulations have a yeast dry matier
content between 92-98% (wh).

Enzymes -may be added in a dry, e.g. granulated form or In liquid form. The
chemical additives are In most cases added in powder form. Also, processing aid
compositions which are tailored to specific baking applications, may be composed of a
dedicated mixture of chemical additives and enzyme.

The preparation of a dough from the ingredients and processing alds described
above is well known in the art and comprises mixing of sald ingredients and processing
alds and one or more moulding and fermentation steps.

‘The preparation of baked products from such doughs is also well known in the art
and may comprise molding and shaping and further fementation of the dough followed by
baking at required temperatures and baking times.

Chemical additives with Improving properties comprise oxidising agents such as
ascorbic acid, bromate and azodicarbonate, reducing agents such as L-cysteine and
glutathione, émulsifiers acting as dough conditioners such as diacetyl tartaric esters of
mono/diglycerides (DATEM), sodium stearoyl lactylate (SSL) or calcium stearoyl lactylate

(CSL), or acting as crumb softeners such as glycerol monostearate (GMS) efceteras, fafty .

materials such as triglycerides (fat) or lecithin and othsrs.

As a result of a consumer-driven need to replacs the chsmical additives by more
natural products, several baking enzymes have been ‘developed with dough and/or baked
product improving properties and which are used in all possible combinations depending on
the specific baking -application conditions.” Suitable enzymes Include starch. degrading
enzymes, arabinoxylan- and other hemicellulose degrading enzymes, cellulose degrading
enzymes, oxidizing enzymes, fatty material splitting enzymes, proteln degrading, modifying
or crosslinking enzynies. c .

Starch degrading enzymes are for instance endo-acting enzymes such as alpha-
amylase, mauogemc amylase, pullulanase or other debranching enzymes and exo-acting
enzymes that cleave off glucose (amyloglucosidase), maliose (beta-amylase), maltotrioss,
malotetraose and higher ofigosaccharides.
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Arabinoxylan- and other hemicellulose degrading enzymes are for Instance
xylanases, pentosanases, hemicellulase, arabinofuranosidass, glucanase and others.

Cellulose degrading enzymes are for instance cellulase, cellobichydrolase and
beta-glucosidase.

Oxidizing enzymes are for instance glucose oxidass, hexose oxidase, pyranose
oxidass, sulfhydryl oxidase, lipoxygenase, laccase, polyphenol oxidases and others,

Fatty material splitting enzymes are for instance lipolytic enzymes such as
triacylglycerol lipases, phosphofipases (such as A4, Az, B, C and D) and galactolipases.

Protein degrading, modifying or crosslinking enzymes are for instance endo-acting
proteases (serine proteases, metalloproteases, aspartyl proteases, thiol proteases), exo-
acling peplidases that cleave off one amino acld, or dipeptide, tripeptide etceteras from the
N-terminal (aminopeptidases) or Cterminal (carboxypeptidases) ends of the polypeptids
chaln, asparagines or glutamine deamidating enzymes such as deamidase and
peptidoglutaminase or crosslinking enzymes stich as transgiutaminase.

Baking enzymes may conviently be produced in microorganisms. Microbial
baking enzymes are available from a variety of sources; Bacillus $pec. are a common
source of bacterial enzymes, whereas fungal enzymes are commonly produced in
Aspergillus spec. '

Baking enzymes may be used in a manifold of baked goods. The term “baked
goods” Is herein defined as to comprise bread products such as tin bread, loaves of
bread, French bread as well as rofls, cakes, ples, muffins, yeast raised and cake
doughnuts and the fike. :

In the above processes, it is advantageous fo use baking enzymes that are

(
\

obtained by recombinant DNA techniques. Such recombinant enzymies have a nimber =~

of advantages over thelr traditionally purified counterparis. Recombinant enzymes may
be produced at a low cost price, high yield, free from contaminating agents like bacteria
or viruses but also free from bacterial toxins or contaminating other enzyme activities.

. Object of the invention

I's

It is an object of the Invention to provide novel polynudectides encoding novel
lipolytic enzymes with improved properties. A further object is to provide naturally and
recombinantly produced lipolytic ‘enzymes as well as recombinant strains producing
these. Also fusion polypeptides are part of the invention as well as methods of making
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and using the polynucleotides and polypeptides according to the invention.

It Is also an object of the invention to provide novel lipolytic enzymes, which
solve at least one of tho above-mentioned problems or to provide novel lipolytic
enzymes, which have one or more Improved properties if used in dough and/or baked
products, selected from the group of increased strength of the dough, increased
elasticity of the dough, increased stabllity of the dough, reduced stickiness of the dough,
improved extensibility of the dough, improved machineability of the dough, increased
volume of the baked product, improved crumb structure of the baked product, improved
softness of the baked product, improved flavour of the baked product, improved anti-
staling of the baked product, improved colour of the baked product, improved crust of the
baked product or which have a broad substrate specificily.

Summary of the invention

The invention provides for novel polynucleotides encoding novel lipolytic
enzymes. More in particular, the invention provides for polynucleotides having a
nucleotide sequence that hybn'diées preferably under highly stringent conditions to a
sequence selected from the group consisting of SEQ ID NO: 1, 2, 4, §, 7, 8, 10, 11, 13,
14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and. 38. Consequently, the
Invention provides nucleic acids that are more than 40% such as about 60%, preferably
65%, more preferably 70%, even more preferably 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98% or 99% homologous to the sequences selected from the group consisting of
SEQIDNO: 1,2, 4,5,7, 8,10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32,

--34,35,37and38. -- -~ - - - e— ————

In a more preferred embodiment the invention provides for such an Isolated
polynucleotide obtainable from a flamentous fungus, in particular Aspe:gﬂ?us niger Is
preferred.

In one embodiment, the invention provides for an lsolated polynucleatide
comprising a nucleic acld sequence encoding a polypeptide with an amino acid
sequence selected from the group conisisting of SEQ 1D NO: 3,6,9, 12 15, 18, 21, 24,
27, 30, 33, 36 and 39 or functional equivalents thereof.

In a futher preferred embodiment, the Invention provides an isolated
polynucleotide encoding at least one functional domain of a polypeptide selected from
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the group consisting of SEQ ID NO: 3. 6, 9, 12, 15, 18{ 21, 24, 27, 30, 33, 36 and 39 or
functional equivalents thereof.
In a preferred embodiment the Invention provides a lipolytic enzyme gene

selected from the group consisting of SEQID NO: 1, 4, 7, 10, 13, 18, 19, 22, 25, 28, 31,
34 and 37. In another aspect the Invention provides a polynucleotide, preferably a cDNA

encoding an Aspergilius niger lipolytic enzyme whose amino acid sequence is selected
from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and
39 or variants or fragments of that polypeptide. In a preferred embodiment the cDNA has
a sequence selected from the group consisting of SEQ ID NO: 2, 5, 8, 11, 14, 17, 20, 23,
286, 29, 32, 35 and 38 or functional equivalents thereof. _

In an even further preferred embodiment, the invention provides for a
polynucleotide comprising the coding sequence of the polynucleotides according to the
invention, preferred is the polynucleotide sequence selected from the group consisting of
SEQ ID NO: 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35 and 38.

The invention also relates to vectors comprising a polynucleotide sequence
according to the invention and primers, probes and fragments that may be used to
amplify or detect the DNA according to the invention. '

In a further preferred embodiment, a vector is provided wherein the
polynucleotide sequence according to the invention is functionally finked with regulatory
sequences suitable for expression of the encoded amino acid sequence in a suitable
host cell, such as Aspergﬂlbs niger or Aspergillus oryzae. The invention also provides
methods for preparing polynucleotides and vectors according to the Invention.

The invention also relates to recombinantly produced host cells that contain

" heterologous or homologous polynucleotides according fo the invention.

25

30

In another embodiment, the invention provides recombinant host cells wherein
the expression of a lipolytic enzyme according to the invention is significantly increased
or wherein the activity of the lipolytic enzyme s Increased.

'In another embodiment the Invention provides for a recombinantly produced

host cell that contains héterologous or homologous polynucieotide according to-the
invention and wherein the cell is capable of producing a functional lipolytic enzyme -

according to the invention, preferably a cell capable of over-expressing the kpolytic
enzyme according to the invention, for example an Aspergillus straln comprising an
increased copy number of a gene or cDNA according to the invention.
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In yet another aspect of the invention, 4 purified polypeptide is provided. The
polypeptides according to the invenfion include- the polypeplides encoded by the
polynucleotides according to the invention. Especially preferred is a polypeplide selected
from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and

-5 39 or functional equivalents thereof.
Accordingly, In one aspect the present invention provides a lipolytic enzyme
) composition contalning as” an active ingredient an enzyme selected from the group
. consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 or functional

equivalents thereof.
10 In another aspect, the invention provides a method of making baked goods
wherein there is incorporated into the dough used for making the baked goods one or
more enzymes selected from the group conslsting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21,
. 24,27,30,33, 36 and 39 or functional equivalents thereof.
Fusion proteins comprising a polypeptide according to the invention ars also
15  within the scope of the invention. The invention also provides methods of making the
) polypeptides according to the invention.

The Invention also relates to the use of the lipolytic enzyme according to the

invention In any industrial process as described herein.

20 ' Detailed description of the invention

A lipolytic enzyme is deﬁned herein as an enzyma exhibiting at least ons and

preferably two or three or four or more of the following lipolytic activities: triacylglycerol

---——se—— . lipese, phospholipase Az._pbosmpﬁpase_az._zhgsphoﬁpase B, _phospholipase_ C,
25 phospholipase D, lysophospholipase and galactolipase.

Po@ucleoﬂ'des

The present in\}enﬁon provides polynucieotides encoding lipolylic enzymes

30  having an amino acid sequence selected from the group consisting of SEQ ID NO: 3, 6,
9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 or funclional equivalents thereof. The
sequences of the seven genes encoding _the lipolytic enzymes NBE(028, NBE029,
NBEO030, NBE031, NBE032, NBE033, NBE034, NBE036, NBE038, NBE039, NBED43,
NBE045 and NBEO42 respectively were determined by sequencing genomic clones

Ny ST T N
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obtained from Asperglius niger. The Invention provides polynucleotide sequences -
comprising the genes encoding the lipolytic enzymes NBE028, NBE029, NBEO030,
" NBE031, NBE032, NBE033, NBE034, NBE036, NBE038, NBE039, NBE043, NBE045
and NBE042 as well as thelr complete cDNA sequences and their coding sequences
5 (Table 1). Accordingly, the invention relates to isolated polynucleotides comprising the
nucleotide sequences selected from the group consisting of SEQID NO: 1, 2, 4, 5, 7, 8,
* 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38 or

functional equivalents thereof. (
10 Table 1.
[ Tipolytic enzyme Sequence (SEQ ID NO)
NBE >oox "genomic cDNA amino acid
"NBE0Z8 1 2 3
"NBE0Z29 4 5
NBEQG30 7 3 9
NBEO31 10 11 12
NBED3Z 13 13 15
—NBEG33 16 77 8
‘NBE034 19 20 21
—  NBEG3I6 22 23 23 K
"NBEO3S 75 v 77 (
NBE039 28 o) 30
- TTTNBEOAC 3 . . 32 I I < S
—NBEDZ5 3 3 3% o
"NBE042 37 3B ' 39

More in particular, the invention relates to an Isolated polynucleotide
hybndlsable under stringent conditions, preferably under hlghfy stringent conditions, to a
polynudeotide selected from the group consisting of SEQ ID NO: 1,-2, 4,5, 7,8, 10, 11,

15 13, 14, 186, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38. Advantageously,
™ such polynucleotides may be obtained from filamentous fungl, In particular from

" Aspergillus niger. More specifically, the invention relstes to an isolated polynucleotide
having a nucleotide sequence selected from the group consisting of SEQ ID NO: 1, 2, 4,
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5,7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38,
The invention also relates to an Isolated polynuciectide encoding at least one

: func_ﬂonal domaln of a polypeptide having an amino acld sequences selected from the

group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 or
functional equivalents thereof. .

As used herein, the terms “gene” and “recombinant gene” refer to nucleic acid
molecules which may be isolated from chromosomal DNA, which include an open
reading frame encoding a protein, e.g. an Aspergillus niger lipolytic enzyme. A gene may
Include coding sequences, non-coding sequences, infrons and regulatory sequences.
Moreover, a gene refers o an isolated nuclelc acid molecule as defined herein.

A nuclelc acid molecule of the present invention, such as a nuclelc acid
molecule having the nucleotide sequence selected from the group consisting of SEQ ID
NO1245781011 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35,
37 and 38 or a functional equ]valent thereof, can be isolated using standard molecular
biology techniques and the sequence information provided herein. For example, using all
or portion of the nuclelc acld sequence selected from the group consisting of SEQ 1D
NO: 1,2, 4,5,7,8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35,
37 and 38 as a hybridization probe, nucleic acid molecules according to the invention
can be isolated using standard hybridization and cloning techniques (e. g., as described
in Sambrook, J.,. Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory
Manual.2nd, ed., Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY, 1989).

Moreover, a nucleic acid molecule encompassing ali or a portion of the nucleic

25

acid sequence selecited from the group consisting of SEQ IDNO: 1,2, 4,5,7,8,10,41,” ~~ =~

13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38 can be isolated
by the polymerase chain reaction (PCR) using synthetic oligonucleotide primers
designed based upon the sequence Information. contained in the nucleic acid sequence
selected from the group consisting of SEQ IDNO: 1, 2,4, 5, 7, 8, 10, 11 13, 14, 16, 17

19, 20, 22.2325 -26, 28, 29, 31, 32, 34, 35, 37 and 38.

A nuclefc acid of the invention can be amplified using cDNA, mRNA or
altematively, genomic DNA, as a template and appropriate oligonucleotide., pnmets
according to standard PCR amplification techniques. The nucleic acid- so amplxﬁed can
be cloned into an appropnate vector and characterized by DNA sequence analysis.
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" Furthermore, oligonucleotides corresponding to or hybridisable to nucleotide
sequences according to the invention can be prepared by standard synthetic techniques,
e. g., using an automated DNA synthesizer.

In one preferred embodiment, an isolated nucleic acid molecule of the invention
compriées the nucleotide sequence shown in SEQ ID NO: 2. The sequence of SEQ ID
NO: 2 comesponds to the coding reglon of the Aspergillus niger gene provided in SEQ ID
NO: 1. This cDNA comprises the sequence encoding the Aspergillus niger NBE028
polypepfide as shown in SEQ ID NO: 3.

In a second preferred embodiment, an isolated nucleic acld molecule of the
Invention comprises the nucleotide sequence shown in SEQ ID NO: 5. The sequence of
SEQ ID NO: 5 corresponds to the coding region of the Aspergiiius niger gene provided in
SEQ ID NO: 4. This cDNA comprises the sequence encoding the Aspergillus niger
NBEO029 polypeptide as shown in SEQ ID NO: 6.

in a third prefered embodiment, an isolated nucleic acid molecule of the
invention comprises the nucleotide sequence shown in SEQ ID NO: 8. The sequence of
SEQ ID NO: 8 corresponds to the coding region of the Aspergillus niger gene provided in
SEQ ID NO: 7. This cDNA comprises the sequenca enceding the Aspergillus niger
NBEO030 polypeptide as shown in SEQ ID NO: 9.

in a fourth preferred embodiment, an Isolated nuclelc acid molecule of the
invention comprises the nucleotide sequencs shown in SEQ ID NO: 11. The sequence

of SEQ ID NO: 11 comresponds to the coding reglon of the Aspergillus niger gene

provided in SEQ ID NO: 10. This ¢cDNA comprises the sequence encoding the
Aspergﬂlus niger NBE031 polypeptide as shown in SEQ ID NO: 12.

25

In a fifth preferred embodiment, an isofated nucleié~adld Molecule “of the

invention comprises the nucleotide sequence shown in SEQ ID NO: 14. The sequence
of SEQ ID NO: 14 comesponds to the coding region of the Aspergillus niger gene
provided in SEQ ID NO: 13. This ¢cDNA comprises the sequence encoding the
Aspergillus niger NBE032 polypeptide as shown in SEQ ID NO: 15.

In a sixth preferred embodiment, an isolated nudleic acid molecule of the

invention comprises the nucieotide sequence shown in SEQ ID NO: 17. The sequence

of SEQ ID NO: 17 comesponds to the coding region of the Aspergillus niger gene
provided in SEQ ID NO: 16. This cDNA.comprises the sequence encoding the
Aspergillus niger NBE033 polypeptide as shown in SEQ ID NO: 18.
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In a seventh preferred embodiment, an isolated nucleic acid molecule of the
invention comprises the nucleofide ssquence shown in SEQ 1D NO: 20. The sequence
of SEQ ID NO: 20 comesponds to the coding region of the Aspergillus niger gene
provided in SEQ ID NO: 19. This cDNA comprises the sequence encoding the
Aspergillus niger NBE034 polypeptide as shown in SEQ ID NO: 21.

in a eight preferred embodiment, an Isolated nucleic acid molecule of the -
invention comprises the nucleotide saquence shown in SEQ ID NO: 23. The sequence
of SEQ ID NO: 23 comesponds to the coding region of the Aspergillus niger gene
provided in SEQ ID NO: 22. This cDNA comprises the sequence encoding the
Aspergillus niger NBE034 polypeptide as shown in SEQ ID NO: 24.

In a nineth preferred embediment, an isolated nucleic acid molecule of the
invention comprises the nucleotide sequence shown in SEQ ID NO: 26. The sequence
of SEQ ID NO: 28 comasponds to the coding reglon of the Aspergillus niger gene
provided in SEQ ID NO: 25. This ¢cDNA comprises the sequence enceding the
Aspergillus niger NBEO34 polypeptide as shown In SEQ ID NO: 27.

in a tenth preferred embodiment, an isolated nucleic acld moleculs of the
invention comprises the nucleotide sequence shown in SEQ ID NO: 29. The sequence
of SEQ ID NO: 29 comesponds {o the coding reglon of the Aspergillus niger gene
provided in SEQ ID NO: 28. This cDNA comprises the sequence encoding the
Aspergillus niger NBE034 polypeptide as shown in SEQ ID NO: 30.

In a eleventh preferred embodiment, an Isolated nucleic acid melecule of the
invention comprises the nucleotide sequence shown in SEQ ID NO: 32. The sequence
of SEQ ID NO: 32 corresponds to the coding region of the Aspergillus niger gene

provided in SEQ TD NO: 31. This cDNA comprises the Sequénce encoding the
Aspergiilus niger NBE034 polypeptide as shown in SEQ ID NO: 33.

in a twelvth preferred embodiment, an isolated nucleic acid molecule of the
invention comprises the nucleotide sequence shown in SEQ ID NO: 35. The sequence
of SEQ ID NO: 35 comesponds fo the coding region of the Aspergilius niger gens
provided in SEQ ID NO: 34 This cDNA comprises the seguence enoodmg the

' Aspergillus niger NBEG34 polypeptide as shown in SEQ ID NO: 36,

In a thirteenth preferred embodiment, an isolated nucleic acid mo!eoule of the
‘invention comprises the nucleotide sequence shown in SEQ ID NO: 38. The sequence
of SEQ ID NO: 38 corresponds fo the coding region of the Aspergiilus niger gene
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_ provided in SEQ ID NO: 37. This cDNA comprises the sequence encoding the. .. ..

Aspergillus niger NBE034 polypeptide as shown in SEQ ID NO: 39,

In another preferred embodiment, an Isolated nuclelc acld moleculs of the
Invention comprises a nucleic acid molecule which Is a complement of the nucleotide
sequence selected from the group consisting of SEQ ID NO: 1, 2, 4, §, 7, 8, 10, 11, 13,
14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38 or a functional
equivalent of these nucleotide sequences. A nucleic acid moleculs, which Is
complementary to another nucleotide sequencs, is one that is sufficlently complementary
to the other nucleotide sequence such that it can hybridize to the other nucleotide
sequence thereby forming a stable duplex.

One aspect of the Invention pertains to Isolated nuclelc acid molecules that
encode a polypeptide of the invention or a functional equivalent thereof such as a
biologicaily active fragment or domain, as well as nucleic acid molecules sufficient for
use as hybridisation probes to identify nucleic acid molecules encoding a polypeptide of
the invention and fragments of such nucleic acid molecules suitable for use as PCR
primers for the amplification or mutation of nucleic acid molecules. An “Isolated
polynucleotide” or “isolated nuclelc acid” is a DNA or RNA that is not immediately

contiguous with both of the coding sequences with which it is immediately contiguous-

{one on the 5 end and one on the 3' end) in tho naturally occurring genoms of the
organism from which it Is derived. Thus, in one embodiment, an isolated nucleic acld
includes some or all of the 5 non-coding (e.g.. promotor) ssquences that are
Immediately contiguous to the coding sequence. The term therefore includes, for
example, a8 recombinant DNA that is incorporated Into a vector, Into an autonomously

replicating plasmid or virus, or Into the genomic DNA of & prokaryoté of eukaryots, or
which exists as a separate molecule (e.g., @a ¢cDNA or a genomic DNA fragment
produced by PCR or restricion endonuclease treatment) independent of other
sequences. it also includes a recombinant DNA that is part of a hybrid gene encoding an
additional polypeptide that Is substanfially free of cellular material, viral material, or
culture medium (when..produced by recombinant DNA techniques), or chemical
precursors or other chemicals (when chemically synthesized). Moreover, an “isolated

_ nuclelc acid fragment® is a nudleic acld fragment that is not naturally oectmmg as a

fragment and would not be found in the natural state. ..
As used herein, the terms “polynucleotide” or “nuclelc acid moleculs® are
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intended 1o include DNA molecules (e.g., cDNA or genomic DNA) and RNA molecules

(e.g., mRNA) and analogs of the DNA or RNA generated using nucleotide analogs. The

nucleic acld molecule can be single-stranded or double-stranded, but preferably Is

" double-stranded DNA. The nucleic acid may be synthesized using oligonucieotide

analogs or derivatives (e.g., inosine or phosphorothioate . nucleotides). Such
oligonucleolides can be used, for example, to prepare nucleic acids that have altered
base-pairing abllities or increased resistance to nucleases.

Ancther embodiment of the invention provides an isolated nucleic acid molecule
which Is antisense to a nucleic acid molecule according to the invention. Also included
within the scope of the invention are the complement strands of the nucleic acld
molecules described herein.

Sequencing errors

The sequence information as provided hereln should not be so narrowly
construed as to require inclusion of erroneously identifled bases. The specific sequencss
disclosed herein can be readily used fo isolate the complete gene from filamentous
fungi, In particular Aspergillus niger which in tum can easily be subjected to further
sequence analyses thereby identifying sequencing errors.

Unless otherwise lndicatéd. all nucleotide sequencss determined by sequencing
a DNA molecule herein were determined using an automated DNA sequencer and all
amino acld séquences of polypeptides encoded by DNA molecules determined herein
were predicted by translation of a DNA sequence determined as above. Therefore, as is

nucleotide sequence determined herein may contain some errors. Nucleotide sequences
determined by automation are typically at least about 90% identical, more typically at
least about 95% o at least about 99.9% identical to the actual riucleotide sequence of

- the sequenced DNA moleculs. The actual sequence can be more precisely determined

by other approaches including manual DNA sequencing methods well known in the art.
As is also known in the art, a. single insertion or deletion in a determined nucleotide
sequence compared to the actual sequence will cause a frame shift in transketion of the
nucleofide sequence such that the predicted amino acid sequence encoded by a
determined nucleotide sequence will be completely different from the amino acid
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sequencs actually encoded by the sequenced DNA moleculs, beginning at the point of - -
such an insertion or delefion.

The person skilled in the art is capable of identifying such erroneously identified
bases and knows how to correct for such errors.

' Nucleic acld fragments, probes and primers

A nudleic acid molecule according to the invention may comprise only a portion (
_ or a fragment of the nucleic acid sequence selected from the group consisting of SEQ ID
10 NO:1,24,5,7 8,10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35,
37 and 38, for example a fragment which can be used as a probe or prirﬁer or a
fragment encoding a portion of protein according to the Invention. The nucleotide
sequence determined from the cloning of the lipolytic enzyme gene and cDNA allows for
the generation of probes and primers designed for use in Identifying and/or cloning other
15 lipolytic enzyme family members, as well as lipolylic enzyme homologues from other
species. The probe/primer typically comprises substantially purified oligonucleotide
which typically comprises a region of nucleqﬁde sequence that hybridizes preferably
under highly stringent conditions to at least about 12 or 15, preferably about 18 or 20,
preferably about 22 or 25, more preferably about 30, 35, 40, 45, 50, 55, 60, 65, or 75 or
20 more consecuive nucleotides of a nucleotide sequence selected from the group
consisting of SEQ ID NO: 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26,
28, 20, 31, 32, 34, 35, 37 and 38 or of a functional equivalent thereof.
Probes base_:d on the nucleotide sequences provided herein can be used to
" detect transcripts of genomic sequences ‘encoding-the~same-or-homologous-proteins for --~—— -——-
25 instance in other organisms. In preferred embodiments, the probe further comprises a
label group attached thereto, e.g., the label group can be a radioisotope, a fluorescent
compound, an enzyme, or an enzyme cofactor. Such probes can also be used as part of
a diagnostic test kit for identifying cells that express a lipolytic enzyme protein.

™

-30 ) Identity & homology -

The terms “homology® or “percent identity” are used Interchangeably
* herein. For the purpose of this Invention, it is defined here that in order to determine the
percent identity of two amino acid sequences or of two nucleic acid sequences, the
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sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in

the sequence of a first amino acid or nuclelc acid sequsnce for optimal alignment with a
second amino or nuclelc acid sequence). The amino acid residues or nucleotides at
corresponding amino acld positions or nucleotide positions are then compared. When a
position In the first sequencs Is occupied by the same amino acid residue or nucleotide
as the corresponding position in the second sequence, then the moleculss are identical
at that position. The percent identity between the two sequences iIs a function of the
number of identical positions shared by the sequences (i.e., % identity = number of
identical positionsfiotal number of positions (i.e. overlapping posliions) x -100).
Preferably, the two sequences are the same length.

The skilled person will be aware of the fact that several different computer
programmes are avallable fo determine the homo]ogy_ betwaen two sequences. For
instance, a coniparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identity between two amino acid sequences Is determined
using the Needleman and Wunsch (J. Mol. Biol. (48): 444-453 (1970)) algorithm which
has been incorporated Into the GAP program in the GCG software package (avallable at
hitp:/Avww.geg.com), using elther a Blossom 62 matrix or a PAM250 matrix, and a gap
welght of 16, 14, 12, 10, 8, 6, or 4 and a length welghtof 1, 2, 3, 4, 5, or 6. The skilled
person will appreciate that all these different parameters will yield slightly different results
but that the overall percentage identity of two sequences Is not significantly altered when
using different algorithms. ,

In yet ancther embodiment, the percent identity between two nucleotide

“sequences is determined using the GAP program In the GCG Software package

(avallable at hitp://www.gcg.com), using a NWSgapdna.CMP matrix and a gap waeight of
40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another embodiment,
the percent identity two amino acld or nucleotide sequencs Is determined using the
algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989) which has been
incorporated into the ALIGN program (version 2.0) (available at-
hitp:Jivega.lgh.cnrs fribinfalign-guess.cgl) using a PAM120 weight residue tabfe, a gap
length penaity of 12 and a gap penalty of 4. ]

The nudlelc acld and protein sequences of the present invention can further bs
used as a “query sequence” to perform a search against public databases to, for
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example, identify other family members or related sequences. Such searches can be-

performed using the BLASTN and BLASTX programs (version 2.0) of Altschul, et al.
(1990) J. Mol. Biol. 215:403—10. BLAST nucleotide searches can be performed with the
BLASTN program, score = 100, word length = 12 to obtain nucleotide sequences
homologous to PLP03 nucleic acid molecules of the invention. BLAST protein searches

can be performed with the BLASTX program, score = 50, word length = 3 to obtain-

amino acid sequences homologous to PLPO3 protein molecules of the invention. To
obtain gapped alignments for comparison purposes, Gapped BLAST can be utllized as
described In Altschul et al., (1997) Nuc!e!c Acids Res. 25(17):3389-3402. When utilizing
BLAST and Gapped BLAST programs, the default parameters of the respective
programs (e.g., BLASTX and BLASTN) can be used. See http:/fwww.ncbi.nim.nih.gov.

Hybridisation

As used hereln, the term "hybridizing® is intended to describe conditions for
hybridization and washing under which nucleotide sequences at least about 50%, at
least about 60%, at least about 70%, more preferably at least about 80%, even more
preferably at least about 85% to 90%, more preferably at least 95% homologous to each
other typically remain hybridized to each other. )

A preferred, nonimiting example of such hybridizat:on condifions are
hybridization In 6x sodium chloride/sodium citrate (SSC) at about 45°C, followed by one
or more washes in 1x SSC, 0.1 % SDS at 50°C, prefexab!y at 55°C, preferably at 60°C

(

Highly stringent conditions include, for example, hybridizing at 68°C in 5x
SSC/5x Denhardt's solution / 1.0% SDS and washing in 0.2x SSC/0.1% SDS at room
temperature. Altematively, washing may be perfqm‘led at42°C.

The skilled artisan will know which conditions to apply for stringent and highly
stringent hybridisation conditions. Additional gyidance regarding such conditions is
readlly available in the art, for example, in Sambrook et al., 1989, Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Press, N.Y.; and Ausubel et al (eds.), 1995
Current Protocols in Molecular Biology, (John Wiley & Sons, N.Y.).

Of course, a polynudeotide which hybridizes only to a poly A sequence (such
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as the 3 terminal poly(A) fract of mRNAs), or to a complementary stretch of T (or U)
resides, would not be included in a polynucleotide of the invention used to specifically
hybridize to a portion of a nucleic acid of the invention, since such a polynucleotide
would hybridize to any nucleic acid molecule containing a poly (A) stretch or the
complement thereof (e.g'.. practically any double-stranded cDNA clone).

Obtaining full length DNA from other organisms

In & typlcal approach, cDNA libraries constructed from other organisms, e.g.
filamentous fungi, In particuar from the species Asperglius can be screened.

For example, Aspergilus strains can be screened for hoinologous
polynucleotides by Northern blot analysis. Upon detection of transcripts homologous fo

- polynuclectides according to the invention, cDNA libraries can be constructed from RNA

isolated from the appropriate strain, utilizing standard techniques well known to those of
skill in the art. Aiternatively, a total genomic DNA library can be screened using a probe
hybridisable to a polynucleotide according to the invention.

Homologous gene sequences can be isolated, for example, by performing PCR
using two degenerate ocligonucleotide primer pools designed on the basis of nucleotide
sequences as taught herein. .

The template for the reaction can be cDNA obtained by reverss transcription of
mRNA prepared from strains known or suspected to express a polynucleotide according
to the invention. The PCR product can be subcloned and sequenced to ensure that the
amplified sequences represent the sequences of a new PLP03 nudeic acid sequence,

variety of known methods. For example, the amplified fragment can be labeled and used
to screen a bacteriophage or cosmid cDNA library. Altematively, the labeled fragment
can be used to screen a genomic lbrary.

PCR technology can also be used to isolate full-length ¢DNA sequences from
other organisms. For example, RNA can be isolated, following. standard procedures,

- from an appropriate cellular or tissue source. A reverso transcriplion reaction can be

performed on the RNA using an oligonucieotide primer specrﬁc for the most 5' end of the
ampﬂﬁed fragment for the priming of first strand synthesis. . ]
The resulting RNA/DNA hybrid can then be “tailed” (e.g., with guanines) using a
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standard terminal transferase reaction, the hybrid can be digested with RNase H, and
second strand synthesis can then be primed (e.g., with a poly-C primer). Thus, cDNA
sequences upstream of the amplified fragment can easily be isolated. For a review of
useful cloning strategies, see e.g.,Sambrook et al., supra; and Ausubel et al., supra.

Veclors

Another aspect of the invention pertains to vectors, preferably expression
vectors, containing a nucleic acid encoding a proteln according to the invention or a
functional equivalent thereof. As used herein, the term “vector” refers to a nucleic acld
moleculs capable of transporting ancther nucleic acid to which it has been linked. One
type of vector Is a “plasmid®, which refers o a circular double stranded DNA loop Into
which additional DNA segments can be ligated. Another type of vector is a viral vector,
whereln additional DNA segments can be ligated into the viral genome. Certain vectors
are capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammallan
vectors). Other vectors {e.g., hon-episomal mammalian vectors) are integrated into the
genome of a host cell upon Introduction into the host celi, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
hereln as “expression vectors”. In general, expression vectors of utility in recombinant
DNA techniques are often in the form of plasmids. The terms “plasmid” and “vector” can
be used interchangeably herein as the plasmid is the most commonly used form of

25

30

vaclor. Howevar, the Invention 1s nteiided lo-include-such ‘other forms of expression—
vectors, such as viral veclors (e.g.; replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

The recombinant expression vectors of the invention comprise a nuclelc acld of
the invention In a form suitable for expression of the nucleic acid in a host cell, which
means that the recombinant expression vector includes ons or more regulato:y .

.sequenoes, selected on the basis of the host cells to be used for expression, which is

operatively finked to the nucleic acld ‘sequence to be expressed. Within a recombinant
expresslon vector, Operaﬂvely finked” is intended to mean that the nucieotide sequence *
of interest is linked to the regulatory sequence(s) in a manner which allows for

(
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expression of the nucleotide sequence (e.g., in an in vitro transcription/transiation
system or in a host cell when the vector is introduced into the host cell). The term -
“regulatory sequence” is intended to include promoters, enhancers and other expression
control elements (e.g., polyadenylation signal). Such regulatory sequences are
described, for example, in Goeddel; Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Dlego, CA (1990). Regulatory sequences
include those which direct constitutive or inducible expression of a nucleofide sequence
in many types of host cells and those which direct expression of the nucleotide
sequence only in a certain host cell (e.g. tissue-specific regulatory sequences). it will be

_ appreciated by those skilled in the art that the design of the expression vector can

depend on such factors as the choice of the host cell to be transformed, the level of
expression of protein desired, etc. The expression vectors of the invention can be
introduced into host cells to thereby produce proteins or peptides, encoded by nuclelc
acids as described herein (e.g. lipolytic eﬁzymes. mutant lipolytic enzymes, fragments
thereof, variants or functional equivalents thereof, fusion proteins, etc.).

The recombinant expression vectors of the invention can be designed for
expresslon of lipolytic enzymes in prokaryofic or eukaryotic cells. For example, a protein
according to the Invention can be expressed in bacterial cells such as E. coli and
Bacillus species, insect cells (using baculovirus expression vectors) yeast cells or
mammalian cells. Suitable host cells are discussed further in Goeddel, Gene Expression
Technology: Methods in Enzymology 185, Academic Press, San Diego, CA (1990).
Altematively, the recombinant expression vector can be transcribed and translated in

vftro for example using T7 promoter regulatory sequences and T7 polymerase.

Expresslon vectors useful In the present invention Include chromosomal-
episomal and virus-derived vectors e.g., vectors derived from bacterial plasmids,
bacteriophags, yeast episome, yeast chromosomal elements, viruses such as
baculoviruses, papova virpses. vaccinia viruses, adenoviruses, fowl pox viruses,

‘pseudorables viruses and refroviruses, and vectors derived from combinations thereof,

such as those derived from plasrnid and bacteriophage genetlc elements, such as
cosmids and phagemids. .

The DNA Insert should be operatively finked to an appropriate promoter, such
as the phage lambda PL promoter, the E. coff lac, trp and tac promoters, the SV40 early
and late promoters and promoters of retroviral LTRs, to name a few. The skilled person
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will know other suitable’ promoters. In a specific embodiment, promoters are preferred
that are capabls of directing a high expression level of lipolytic enzymes in filamentous
fungl. Such promoters are known in the art. The expression constructs may contain sites

- for transcription initiation, termination, and, in the transcribed region, a ribosome binding

site for transtation. The coding portion of the mature transcripts expressed by the
constructs will include a transiation Initiating AUG at the beginning and a termination
codon appropriately pdsiﬁoned at the end of the polypeptide to be translated,

Vector DNA can be introduced into prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used hereln, the terms
“transformation” and “transfection” are intended to refer to a variety of art-recognized
techniques for introducing foreign nucleic acid (e.g.. DNA) into a host cell, including
calcium phosphate or calclum chloride co-percipitation, DEAE-dextran-mediated
transfection, transduction, Infection, fipofection, cationic lipidmediated transfecﬂon or
‘electroporation. Suitable methods for transforming or transfecting host cells can be found
in Sambrook, et al. (Molecular Cloning: A Laboratory Manual, 2”,ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989), Davis
et al., Basic Methods in Molecular Biology (1286) and other laboratory manuals.

For stable transfection of mammalian calls, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may
integrate the foreign DNA into their genome. In order to Identify and select these
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is
generally introduced into the host cells along with the gene of interest. Preferred
selectable markers include those that confer reslstance to drugs, such as G418,

hygromycin and methatrexate. A nucleic acid enoodlng a selectable marker is preferably
introduced into a host cell on the same vector as that encoding a protein according to
the invention or tan be introduced on a separate vector. Cells stably transfected with the
introduced nucleic acld can be identified by drug selection (e.g. cells that have
incorporated the selectable marker gene will survive, while the other celis dle).
Expression of proteins in prokaryotes is often carried outin E. po!l with vectors

" containing_constitutive or inducible pmmotets directing the expression of elther fusion or

non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded

“ therein, e.g- to the amino terminus of the recombinant protein. Such fusion vectors
" typically serve three purposes: 1) to increase expression of recombinant proteln; 2) to
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' increase the solubility of the recombinant protein; and 3) to aid in the purification of the

recombinant protein by acting as a ligand in affinity purification. Often, In fusion
expression vectors, a proteolytic cleavage site is infroduced at the junction of the fusion
moiety and the recombinant protein to enable separation of the recombinant protein from
the fusion molety after purification of the fusion protein. Such enzymes, and their

_ cognate recognation sequences, include Factor Xa, thrombin and enterokinase.

As Indicated, the expression vectors will preferably contain selectable markers.
Such markers include dihydrofolate reductase or neomycin resistance for eukamﬂc cell
culture and tetracyline or ampicliling resistance for culturing in E. coli and other bacteria.
Representative examples of appropriate host include bacterial cells, such as E. cofi,
’Streptomyces and Salmonella typhimurium; fungal cells, such as yeast; insect cells such
as Drosophila S2 and Spodoptera Sf9; animal cells such as CHO, COS and Bowes
melanoma; and plant cells. Appropriate culture mediums and conditions for the above-
described host cells are known in the art. ‘

Among vectors preferred for use In bacteria are pQE70, pQESO and PQE-9,
avallable from Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, pNHB8A,
PNH16A, pNH18A, pNH46A, available from Stratagens; and ptrc99a, pKK223-3,
PKK233-3, pDR540, pRIT5 available from Pharmacla. Among preferred eukaryotic
vectors are PWLNEO, pSV2CAT, pOG44, pZT1 and pSG available from Stratagene;
and pSVK3, pBPV, pMSG and pSVL. avallable from Pharmacia. Other suitable vectors
will be readily apparent to the skilled artisan.

Known bacterial promoters for use in the present invention include E, coli lac)

and lacZ promoters. the T3 and T7 promoters, the gpt promoter, the lambda PR, PL

25
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promoters and the hp promoter, the HSV thymzdme kinase promoter, the eady and late
SV40 promoters, the promoters of retroviral LTRs, such as those of the Rous sarcoma
virus ("RSV™), and meta!lothionein promoters such as the mouse metaliothionsein-|
promoter,

Inserting an enhancer sequence into the vector may increase transcription of
the DNA encoding the polypeptides of the present lnvention-by higher eukaryotes.
Enhancers are cis-acting elements of DNA, tsually about from 10 to 300 bp that act to
increase transcriptional activity of. a promoter In a given host cel-yps. Examples of

enhancers include the SV46'enhanoer, which Is located on the late side. of the replication -

origin at bp 100 to 270, the cytomegalovirus early promoter enhancer, the polyoma
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enhancer on the late side of the repliwtiqn origin, and adenovirus enhancers.

For secretion of the translated protein Into the lumen of the endoplasmic
reticulum, into the periplasmic space or into the extracellular environment, appropriate
secretion signal may be incorporated into the expressed polypeptide. The signals may
be endogenous to the polypeptide or they may be heterologous signals.

The polypeptide may be expressed in a modified form, such as a fusion protein,
and may include not only secretion signals but also additional heterologous functional
regions. Thus, for instance, a region of additional amino aclds, particularly charged
amino aclds, may be added to the N-terminus of the polypepfide to improve stability and
persistance In the host cell, during ;iuriﬁwtion or during subseguent handling and
storage. Also, peplide moleties may be added to the polypeptide to facilitate purification.

Polypeptides according to the Invention

&

The Invention provides an isolated polypeptide having the amino acid sequsnce
selected from the group consisting of SEQ ID NQO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33,
36 and 39, an amino acid sequence obtainable by expressing the polynucleotide
selected from the group consisting of SEQ ID NO: 1, 2,4, 5, 7, 8, 10, 11, 13, 14, 18, 17,
19, 26, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38 in an appropriate host. Also, a
peptide or polypeptide comprising a functional equivalent of the above polypeptides is
comprised within the prasent invention. The above polypeptides are collectively
comprised in the term “polypeptides according to the invention®

The terms “peptide® and “oligopeptide” are considered synonymous (as is

i

requires to indicate a chain of at least two amino aclds coupled by peptidyl linkages. The

word “polypeptide® is used herein for chains containing more, than seven amino acid’

residues. All ofigopeptide and polypeptide formulas or sequences herein are written from
left to right and in the direction from amino terminus to carboxy terminus. The one-letter
code of amino acids used herein {s commonly known in the art and can be found in
Sambrook, et al. (Mofecular Cloning: A Laboratory Manual, 2°,ed. Cold Spring Harbor

Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989)

By “isolated” polypeptide or protein is intended a polypeptide or protein
removed from its nafive environment. For example, recombinantly produced
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polypeptides and proteins expressed in host cells are considered isolated for the

purpose of the invention as are native or recombinant polypeptides which have been -
‘substantially purified by any suitable technique such as, for example, the single-step

purification method disclosed in Smith and Johnson, Gene 67:31-40 (1988).
The lipolytic enzyme according to the invention can be recovered and purified

from recombinant cell cultures by well-known methods including ammonium sulfate or’

ethanol precipitation, acid extraction, anion' or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction chromatography, affinity
chromatography, hydroxylapatite chromatography and lectin chromatography. Most
preferably, high performance fiquid: chromatography ("HPLC®) is employed for
purification.. . A

Polypeptides of the present Invention include naturally purified products,
products of chemical synthetic procedures, and products produced by recombinant
techniques from a prokaryotic or sukaryotic host, including, for exarﬁple, bacterial, yeast,
higher plant, insect and mammalian cells. Depending upon the host employed in a
recombinant production procedure, the polypeptides of the present invention may be
glycosylated or may be non-glycosylated. In addition, polypeptides of the invention may
also Includs an initial modified methionine residue, in some cases as a result of host-
mediated processes. A

A lipolytic enzyme according to the invention may be advantageously used in
baking processes. The amount of enzyme to be added to the dough is determined
empirically. It may depend on the quality of the flour used, the degree of improvement
which is required, the kind of bread or bal_(_e_d gooc_i_s, the method of preparing the dough,

the proportion of other ingredients etcetera.

Protein fragments

The invention also features biologically active fragments of the polypeptides
according to the invention. ' .-

‘ Biologically active fragments of a polypeptide of the invention include
polypeptides comprising amino acid sequences sufficiently identical to or derived from
tha amino acid sequence of the fipolytic enzyme (e.g., the amino acid sequence selected
from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21,24, 27, 30, 33, 36 and
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39), which Include fewer amino acids than the full length protein, and exhibit at least one-
biological activity of the corresponding full-length protein. Typically, blologically active
fragments comprise a domain or mofif with at least one activity of the corresponding full
length protein. -
5 A biologically active fragment of a protein of the invention can be a polypeptide

which is, for example, 10, 25, 50, 100 or more amino aclds in length. Moreover, other
biologically active portions, in which other regions of the protein are deleted, can be 4
prepared by recombinant techniques and evaluated for one or more of the biological (
activities of the native form of a polypeptide of the invention.

10 The invention also features nucleic acid fragments which encode the above
blologlcally active fragments of the lipolytic enzyme proteln.

Fusion proteins

15 The proteins of the present invention or functional équivalenbs thereof, e.g.,
blo!oglcélly active portions thereof, can be operatively linked to a non-ipolytic enzyme
polypeptide (e.g., heterologous amino acid sequences) to form fusion proteins. As used
herein, a lipolytic enzyme "chimeric protein” or “fusion protein® comprises a lipolytic

-enzyme polypeptide operatively linked to a non-lipolytic enzyme polypeptide. A “fipolytic

20 enzyme polypeptide” refers to a polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and (
39, whereas a “non-lipolytic enzyme polypeptide” refers to a polypeptide having an
amino acld sequence corresponding to a protein which is not substantially homologous

- - -~ —=fo-thelipolytic-enzyme, e.g., a-protein which is different-from-the-lipolytic-enzyme-and—— - ~-—-—

25  which is derived from the same or a different organism. Within a fipolytic enzyms fusion
protein the lipolytic enzyme polypeptide can correspond to all or a portion of a lipolytic
enzyme protein, In a preferred embodiment, a lipolytic enzyme fusion protein comprises °
at least one blologically active fragment of a lipolytic enzyme protsin. In another
preferred embodiment, a fipolytic enzyme fuslon protein comprises at least two

30  blologically active portions of a lipolytic enzyme protein. Within the fusion protein, the
term "operatively linked" is intended to indicate that the fipolytic enzyme polypsptide and
the non-lipolytic enzyme polypeptide are fused in-frame to each other. The non-ipolytic
enzyme polypeptide can be fused to the N-terminus or C-terminus of the fipolytic enzyme
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polypeptide. S

For example, In one embodiment, the fusion protein Is a GST-lipolytic enzyme
fusion protein in which the fipolytic enzyme sequence Is fused to the C-terminus of the
GST sequence. Such fusion proteins can facilitate the purification of recombinant
lipolytic enzyme(s). In another embodiment, the fusion protein is a lipolytic enzyme
protein containing a heterologous signal sequehce at its N-terminus. In certain host cells
(e.g., mammalian and Yeast host cells), expression and/or secretion of fipolytic enzyme
canbe Incr‘eased through use of a hetereologous signal sequence..

In another example, the gp67 secretory sequence of the baculovirus envelope
protein can be used as a hoaterologous signal sequence (Current Protocols in Molecular
Blology, Ausube! et al., eds., John Wiley & Sons, 1992). Other examples of eukaryotic
heterologous signal sequencss include the éecretory sequences of melittin and human
placental alkaline phosphatase (Stratagene; La Jolla, California). In yet another
example, uéefu! prokarytic heterologous signal sequences include the phoA secretory
signal {Sambrook et al., supra) and the protein A secretory signal (Pharmacia Biotech;
Piscataway, New Jersey).

A signal sequence can be used to facilitate secretion and Isolation of a protein
or polypeptide of the invention. Signal sequencas are typically characterized by a core of
hydrophobié amino aclds which are generally cleaved from the mature protein during
secretion In one or more cleavage events. Such signal peptides contain processing sites
that aflow cleavage of the signal sequence from the mature proteins as they pass
through the secretory pathway. The signal sequence directs secretion of the protein,
such as from a eukaryotic host into which the expression vector is transformed, and the

25

signal sequence s subsequently or concurrently cleaved. The protein can then be

readily purified from the extracellular medium by art recognized methods. Altematively,
the signal sequence can be finked to the protein of interest using a sequence which
facifitates purification, such as with a GST domain. Thus, for instance, the sequence
encoding the polypeptide may be fused to a marker sequence, such as a sequence
encoding a peptide, which facilitates purification of the fused: polypeptide. in certain
preferred embodiments of this aspect of the invention, the marker sequence is a hexa-
histidine peptide, such as the tag provided in a pQE vector (Qlagen, Inc.), among others,
many of which are commercially available. As described in Gentz et al, Proc. Natl. Acad.
Scl. USA 86:821-824 (1989), for instance, hexa-histidine provides for convenient

. e
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purificaton of the fusion protein. The HA tag is another peptide useful for purification -
which comesponds to an epitope derived of influenza hemagiutinin protein, which has
been described by Wilson et al,, Cell 37:767 (1984), for instance.

Preferably, a chimeric or fusion protein of the invention is produced by standard
recombinant DNA techniques. For exampls, DNA fragments coding for the different
polypeplide sequences are ligated together in-frame In accordance with conventional
techniques, for example by employing blunt-ended or stagger-eﬁded termini for ligation,
restriction enzyme digestion to provide for appropriate terminl, filling-in of cohesive ends
as appropriate, alkaline phosphatase treatment to avoid undesirable joining, and
enzymatic ligation. In ancther embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out using anchor primers which give fise
to complementary overhangs bstween two consecutive gene fragments which can
subsequently be annealed and reamplified to generate a chimeric gene sequence (see,
for example, Current Protocols in Molecular Biology, eds. Ausubel et al. John Wiley &
Sons: 1992). Moreover, many expression vectors are commercially available that
already encode a fusion molety (e.g, a GST polypeptide). A lipolytic enzyme-encoding
nucleic acid can be cloned into such an expression vector such that the fusion moiety is
linked in-frame to the lipolytic enzyme protein.

Functional equivalents

The terms “functional equivalents® and “unclional vardants® are used

" interchangeably hersin. Functional equivalents—of lipolyticcenzyme encoding DNA-are

isolated DNA fragments that encode a polypeptide that exhiblts a particular function of
the Aspergillus niger lipolytic enzyme as defined herein. A functional equivatent of a
lipotytic enzyme polypeptide according to the invention Is a polypeptide that exhibits at
least one function of an Aspergillus niger lipolytic enzyme as defined herein. Functional
equivalents therefore also encompass biologically active fragments. .
_ Functional proteln or polypeptide equivalents may contain only conservative
substitutions of one or more amino acids in the amino acid sequences selected from the
group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 or
substitutions, insertions or deletions of non-essential amino acids. Accordingly, a non-
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.essentia) amino acid is a residue that can be altered in the amino acid sequences
selected from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33,
36 and 39 without substantially altering the biological function. For example, amino acld
residues that are conserved among the llbolytlc enzyme proteins of the present
invention, are predicted to be particularly unamenable to alteration. Furthermore, amino
acids conserved among the lipolytic enzyme proteins according to the present invention
and oiher lipolytic enzymes ars not likely to be amenable to alteration.

The term “conservative substitution” is intended to mean that a substitution in
which the amino acid residue Is replaced with an amino acid residue having a similar
side chain. These families are known In the art and include amino aclds with basic side
chains (e.g.lysine, arginine and hystidins), acidic side chains (e.g. aspartic acld, glutamic
acid), uncharged polar side chains (e.g., glycine, asparagines, glutamine, serine,
threonine, tyrosine, cysteine), non-polar side chains (e.g., alanine, valine, leucine,
isoleucine, proline, phenylalanine, methionine, lryptophan). beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine tryptophan, histidine).

Functional nucleic acld equivalents may typically contain sllent mutations or
mutations that do not alter the biological function of encoded polypeptide. Accordingly,
the invention provides nucleic acid molecules encoding lipolytic enzyme proteins that
contain changes in amino acld residues that are not essential for a particular biological
activity. Such lipolytic enzyme protelns differ in amino acid sequence selscted from the
group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 yet
retain at least one biological activity. ln _one embodiment the isolated nucleic acid

molecule comprises a nucleotide sequence enoodlng a protein, wherein the protein
comprises a substantially homologous amino acid sequence of at least about 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more homologous to the
amino acid sequence selected from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 33, 36 and 39.

For example, guidance conceming”how fo make phenotypically silent amino
acid substitutions Is provided ‘in Bowle, J.U. et al, Sclence 247:1308-1310, (1990)
wherein the authors indicate that there are two main approaches: for studying the
tolerance of an amino acid sequence to change. The first method relies on the process
of evolution, in which mutations are either accepted or rejected by natural selection. The
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second approach uses genefic engineering to Introduce amino acid changes at specific

positions of a cloned gene and selects or screens to identify sequences that maintain
functionality. As the authors state, these studles have revealed that proteins are
surprisingly tolerant of amino acid substitutions. The authors further indicate which
changes are likely to be permissive at a certain position of the protein. For example,
most buried amino acid residues require non-polar side chains, whereas fow features of
surface side chains are generally conserved. Other such phenotypically silent
substitutions are described in Bowie et al, supra, and the references cited therein.

An isolated nucleic acid molecule encoding a protein homologous to the protein
selected from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24. 27, 30, 33,
36 and 39 can be created by introducing one or mors nucleotide substitutions, additions
or deletions Into the comresponding coding nucleotide sequences (Table 1) such that one
or more amino acid substitutions, deletions or insertions are Introduced into the encoded
protein. Such mutations may be introduced by standard techniques, such as site-
directed mutagenesis and PCR-mediated mutagenesis.

The term “funclional equivalents® also encompasses orthologues of the
Aspergillus niger lipolytic enzymes provided herein. Orthologues of the Aspergillus niger
lipolytic enzymes are proteins that can be isolated from other strains or species and
possess a similar or identical biological activity. Such orthologues can readily be
identified as comprising an amino acid sequencs that Is substantially homologous to the
amino acid sequences sslected from the group consisting of SEQ 1D NO: 3,6,9, 12, 15,
18, 21, 24, 27, 30, 33, 36 and 39,

As defined herein, the term “substantially homologous” refers to a first amino’

30

acid or nucleotide sequence which contains a sufficient or minimum number of Identical
or equivalent (e.g., with similar side chain) amino acids or nucleotides to a second amino
_acid or nucleotide sequence such that the first and the second amino acid or nucleotide
sequsnces have a common domaln. For example, amino acid or nucleotide sequences

_ which contain a common domain having about 60%, preferably 65%, more preferably

70%, even more preferably 75%, 80%, 85%, 80%, 95%, 96%, 97%, 98% or $9% identity
or more are defined herein as sufficiently identical.

Also, nucleic acids encoding other lipolytic enzyme famny members, which thus
have a nucleotide sequence that différs from a nucleotide sequence selected from the
group consisting of SEQ ID NO: 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25,

(
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286, 28, 29, 31, 32, 34, 35, 37 and 38, are within the scops of the invention. Moreover,
nuclele acids encoding lipolytic enzyme proteins from different specles which thus have
a nucleotide sequence which differs from a nucleotide sequence selected from the group
consisting of SEQ ID NO: 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26,
28, 29, 31, 32, 34, 35, 37 and 38 are within the scopse of the invention.

Nucleic acld molscules corresponding to variants (e.g. natural allelic variants)
and homologues of the polynucleotides of the invention can be isolated based on their
homology to the nucleic aclds disclosed herein using the cDNAs disclosed hereln or a
suitable fragment thereof, as a hybridisation probe according to standard hybridisation
techniques preferably under highly stringent hybridisation conditions.

In addiion to naturally occurting aflelic varants of the Aspergilius niger
sequences provided herein, the skilled person will recognise that changes can bs

introduced by mutation into the nucleotide sequences selected from the group consisting -

of SEQIDNO: 1, 2,4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 28, 28, 29, 31,
32, 34, 35, 37 and 38 thereby leading to changes in the amino acid sequence of the
lipolytic enzyme protein without substantially altering the function of the protein.

in another aspect of the invention, improved Epolytic enzymes are provided.
Improved lipolytic enzymes are proteins wherein at least one biological activity Is
Improved. Such proteins may be obtained by randomly introducing mutations along all or
pért of the lipolytic enzyme coding sequence, such as by saturation mutagenesis, and
the resuiting mutants can be expressed recombinantly and screened for blological
activity. For instance, the art provides for standard assays for measuring the enzymatic
activity of llpolytlc enzymes and thus improved proteins may easlly be selected

25

in a preferred embod’ ment the lipolytic enzyme has an amxno acxd sequenee
selected from the group consisting of SEQ ID NO: 3, 6, 9, 12,15, 18, 21, 24, 27, 30, 33,

36 and 39. In another emboediment, the lipolytic enzyme Is substantially homologous to -

the amino acld sequence selected from the group consisting of SEQ ID NO: 3, 6, 9, 12,
16, 18, 21, 24, 27, 30, 33, 36 and 39 and retains at least one biological activity of a
polypeptide selected from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 231; 24,
27, 30, 33, 38 and 39, yet differs in amino acxd sequence due to natural variation or
mutagenesis as described above. .

in a further preferred embodiment, the fipolytic énzyme has an amino. acid
sequenca encoded by an isolated nucleic acid fragment wpable of hybridising to a

- ——
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nucleic acid selected from the group consisting of SEQ ID NO: 1, 2, 4, 5, 7, 8, 10, 11, 13, -

14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35, 37 and 38, preferably under
highly stringent hybridisation conditions.

Accordingly, the lipolytic enzyme Is a protein which comprises an amino acld
sequence at least about 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 86%, 97%, 98%,
99% or more homologous to the amino acid sequence selected from the group

conslsting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 and retains at

least one functional activity of the polypeptide selected from the group consisting of SEQ
ID NO: 3, 6,9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39. '
In particular, the lipolytic enzyme Is a protein which comprises an amino acid
sequence at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 80%, 95%, 96%,
97%, 98%, 99% or more homologous to the amino acid sequence shown in SEQ ID NO:
3 or the lipolytic enzyme is a protein which comprises an amino acld sequence at least
about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more
homologous to the amino acid sequence shown in SEQ ID NO: 6, or the fipolylic enzyme
is a protein which comprises an amino acld sequence at least about 75%, 80%, 85%,
80%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid sequence
shown in SEQ ID NO: 9, or the lipolytic enzyme is a protein which comprises an amino
acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid sequence
shown in SEQ ID NO: 12 or the lipolytic enzyme is a protein which comprises an amino

-acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 96%, 97% 98%, 99% or more homologous to the amino acld sequence

25

(

shown in SEQ ID NO 15, or the lipolytic enzyme is a protein which ocmpﬁses an amino
acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
80%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acld sequence
shown in SEQ ID NO: 18 or the lipolytic enzyme Is a protein which comprises an amino
acld sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more- homologous to the amino acld sequence
shown in SEQ ID NO: 21, or the lipolytic enzyme is a protein which comprises’an amino
acld sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid sequence
shown in SEQ ID NO: 24 or the fipolytic enzyme is a protein which comprises an amino
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acld sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
80%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acld sequence
shown In SEQ ID NO: 27, or the lipolytic enzyme is a protein which comprises an amino
acld sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
0%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acld sequence
shown in SEQ ID NO: 30 or the lipolytic enzyme is a protein which comprises an amino
acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
0%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid sequence
shown in SEQ D NO: 33, or the lipolylic enzyme is a protein which comprises an amino
acld sequence at least about 40%, 45%, 50%, 55%, 60%, €5%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more homologous 'to the amino acid sequence
shown in SEQ ID NO: 36 or the lipolytic enzyme Is a protein which comprises an amino
acid sequence at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99% or more homologous to the amino acid sequence
shown in SEQ ID NO: 39. |
Functional equivalents of a protein according to the invention can also be
Identified e.g. by screening combinatorial fibraries of mutants, e.g. truncation mutants, of
the protein of the invention for lipolytic enzyme activity. In one embodiment, a variegated
Ifbrary of variants Is generated by combinatorial mutagenesis at the nucleic acid lsvel. A
variegated library of variants can be produced by, for example, enzymatically ligating a
mixture of synthetic ollgonucleofides into gene sequences such that a degenerate set of
potential proteln sequences is expressible as individual polypeptides, or altematively, as
a set of larger fusion proteins (e.g., for phage display). There are a varlety of methods
that can be used to produce fibraries of potential variants of the polypeptides of the
Invention from a degenerate oligonucleotide sequence. Methods for syntheskzing
degenerate oligonudeotides are known In the art (ses, e.g., Narang (1983) Tetrahedron
39:3; itakura et al. (1984) Annu. Rev. Biochem. 53:323; ltakura et al. (1984) Science
198:1056; lke et al. (1983) Nuclsic Acld Res. 11:477).
< In addition, libraries of fragments of the coding sequenca of-a polypeptide of the
invention can be used to generate & varlegated population of polypeptides for screening
a subsequent selection of variants. For example, a library of coding sequence fragments
can be generated by treating a déuble stranded PCR fragment of the coding sequence
of interest with a nuclease under conditions wherein nicking occurs only about once per
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molecule, denaturing the double stranded DNA, renaturing the DNA to form double-
stranded DNA which can include sense/antisense pairs from different nicked products,
removing single stranded portlons from reformed duplexes by treatment with S1
nucleass, and ligating the resulting fragment library into an expression vector. By this
method, an expression library can be derived which encodes N-terminal and intemnal
fragments of various sizes of the protein of Interest. '

. Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations of truncation, and for screening cDNA
Tibraries for gene products having a selected property. The most widely used techniques,
which are amenable to high through-put analysis, for screening large gene libraries
typi&lly include cloning the gene library into replicable expression vectors, transforming
appropriate cells with the resulting fibrary of vectors, and expressing the oorhbinatorial
geneé under conditions in which detection of a desired activity facilitates Isolation of the
vector encoding the gens whose product was detected. Recursive ensemble
mutagenesis (REM), a technique which enhances the frequency of functional mutants in
the libraries, can be used In combination with the screening assays to identify variants of
a protein of the invention (Arkin and Yourvan (1992) Proc. Nall. Acad. Sci. USA 89:7811-
7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331).

It will be apparent for the person skiled in the art that DNA sequence
polymorphisms that may lead to changes in the amino acid sequence of the lipolytic
enzyme may exist within a given population. Such genetic polymorphisms may exist in
celis from different populations or within a population due to natural allelic variation.
Allefic variants may alio Include functional equivalents.

25

. ———————

Fragments of a polyﬁucleoﬁdg acoa;d'-x_;;to the invention may also —c:érr{pﬁsé' '

polynucleotides not encoding functional polypeptides. Such polynucleotides may
function as probes or primers for a PCR reaction.

Nucleic aclds according to the invention irespective of whether they encode
functional or non-functional polypeptides, can be used as hybridization probes or

polymerase chain reaction (PCR) primers. Usas of the nucleic acid moleculss of the.-

present invention that do not encode a polypeptide having. a lipolytic enzyme activity

include, Inter alla, (1) isolating the gene encoding the lipolytic enzyme protein, or aflefic. -

variants thereof from a ¢cDNA (ibrary e.g. from other organisms than Aspergillus niger; (2) «
in situ hybridization (e.g. FISH) to metaphase chromosomal spreads to provide precise
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chromosomal location of the fipolytic enzyme gene as described in Verma et al., Human
Chromosomes: a Manual of Basic Techniques, Pergamon Press, New York (1988); (3)
Northemn blot analysis for detecting expression of lipolytic enzyme mRNA in specific
tissues and/or cells and 4) probes and primers that can be used as a diagnostic tool to
analyse the presence of a nuclelc acid hybridisable to the lipolytic enzyme probe in a
given biological (e.g. tissus) sample. '
Also encompassed by the invention is a method of obtdining a functional
equivalent of a lipolytic enzyme-encoding gene or ¢cDNA. Such a method entails

* obtaining a labelled probe that includes an isolated nuclelc acid which encodes all or a

portion of the sequence selected from the group consisting of SEQ ID NO: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, 36 and 39 or a variant thereof; screening a nucleic acld
fragment library with the labelled probe under conditions that allow hybridisation of the
probe to nucleic acld fragments in the library, thereby forming nucleic acid duplexes, and
preparing a fulHength gene sequence from the nucleic acid fragments in any labelled
duplex to obtain a gene related to the lipolytic enzyme gene. :

In one embodiment, a nucleic acid of the invention is at least 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or more homologous to a nuclelc acld sequence selected from the group
consisting of SEQ ID NO: 1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, '
28, 29, 31, 32, 34, 35, 37 and 38 or the complement thereof.

In another preferred embodiment a polypeptide of the invention is at least 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 87%, 98%, 99%, or more homologous to an amino ac:d 'sequence selected from

25

30

the group consisting of SEQ IDNO: 3, 6, 9, 12, 15, 18,21, 24,27, 30,33, 36 and 3.

Host cells

In another embodiment, the invention features cells, e.g., transformed host cells
or recombinant host cells that contain a nuc]eac acid encompassed by the invention. A
"transformed oeu” or recombmant cellPis a ceﬂ into which (or Into an ancestor of which)
has been introduced, by means of recqmbmant DNA techniques, a nucleic acid
according to the invention. Both prokaryotic and eukaryotic cells are Included, e.g.,
bacteria, fungi, yeast, and the like, especially preferred are cells from fitamentous fungi,
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in particular Aspergfllus niger.

A host cell can be chosen that modulates the expression of the inserted
sequences, or modifies and processes the gene product in a specific, deslred fashion.
Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein
products may facilitate optimal functioning of the proteln.

Various host cells have characteristic and specific mechanisms for post-
translational processing and modification of proteins and gene products. Appropriate cell
lines or host systems familiar to those of skill in the art of molecular biology and/or
microblology can be chosen to ensure the desired and comect modification and
processing of the foreign protein expressed. To this end, eukaryotic host cells that
possess the cellular machinery for proper processing of the primary transcript,
glycosylation, and phosphorylation of the gene product can be used. Such host cells are
well known in the art.

Host cells also include, but are not limited to, mammalian cell lines such as
CHO, VERO, BHK, Hela, COS, MDCK, 293, 3T3, WI38, and choroid plexus cell lines.

If desired, the polypeptides according to the invention can be produced by a
stably-transfected cell ine. A number of vectors suitabla for stable transfection of
mammalian cells are available to the public, methods for constructing such cell lines are
also publicly known, e.g., in Ausubel et al. (supra).

Antibodies

The invention further features antibodles, such as monoclonal or polyclonal

antibodiés, that specifically bind lipolytic enzyme proteins according to theinvention:

As used herein, the term “antibody” (Ab) or "monoclonal antibody” (Mab) Is
meant to include intact molecules as well as antibody fragments (such as, for example,
Fab and F(ab"), fragments) which are capable of specifically binding to lipolytic enzyme
protein. Fab and F(ab"), fragments lack the Fc fragment of intact antibody, clear more
rapidly from the circulation, and may have less non-specific tissye binding of an intact
antibody (Wah! et al, J. Nucl. Med. 24:316-325 (1983)). 1hu§, these fragments are
preferred. ' ' : _

- The antibodies of the present invention may be prepared by any of a variety of
methods. For example, cells expressing the lipolytic enzyme protein or an antigenic
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fragment thereof can be administered to an animal in order to induce the production of
sera contalning polyclonal antibodles. In a preferred method, a preparation of lipolytic

enzyme profein is prepared and purified to render t substantially free of natural

contaminants. Such a preparation is then introduced into an animal in order to produce

polyclonal antisera of greater specific activity.
In the most preferred method, the antibodies of the present invention are

monoclonal antibodies (or lipolytic enzyme protein binding fragments thereof). Such’

monoclonal antibodies can be prepared using hybrid_oma technology (Kohler et al,
Nature 256.495 (1975); Kohler et al., Eur. J. Immunol. 6:5611 (1976); Hammerling et al,
In: Monoclonal Antibodies and T-Cell Hybridomas, Elsevier, N.Y., pp. 563-681 (1981)).
In generél. such procedures involve immunizing an animal (preferably a mouse) with a
lipolytic enzyme protein antigen or, with a lipolytic enzyme protein expressing cell. The
splenocytes of such mice are extracted and fused with a suitable myeloma celi line. Any
suitable myeloma cell line may be employed in écoordanoe with the present inventoin;
howaever, it Is preferably to employ the parent myeloma cell line (SP,0), available from
the American Type Cuiture Collection, Rockville, Maryland. After fusion, the resuiting
hybridoma cefls are selectively maintained in HAT medium, and then cloned by limiting
dilution as described by Wands et al. (Gastro-enterology 80:225-232 (1981)). The
hybridoma cells obtained through such a selection are then assayed to identify clones
which secrete antibodies capable of binding the lipolytic enzyme proteln antigen. In

general, the polypeptides can be coupled to a carrier protein, such as KLH, as described _

in Ausubel et al., supra, mixed with an adjuvant, and injected into a host mammal.
In particular, various host animals _can _be_ immunized by injection of a

polypeptide of Interest. Examples of suitable host animals Include rabbits, mice, guinea
pigs, and rats. Various adjuvants can be used to increass the immunological response,
depending on the host specles, including but not limited to Freund's (complete and
incomplets), adjuvant mineral gels such as aluminum hydroxide, surface actve
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,
keyhole fimpet hemocyanin, dinitrophenol, BCG (bacile Caimette-Guerin) and
Corynebacterium parvum. Polyclonal antibodies are heterogeneous populations of
antibody molecules derived from the sera of the immunized animals.

Such antibodles can be of any immuhoglobulin class including 1gG, IgM, IgE,
IgA, 1gD, and any subclass thereof. The hybridomas producing the mAbs of this

-
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invention can be cultivated In vitro or in vivo.

Once produced, polyclonal or monoclonal antibodies are tested for specific
recognition of a protein according to the invention or functional equivalent thereof in an
immunoassay, such as a Westemn blot or immunoprecipitation analysis using standard
techniques, e.g., as described in Ausubel et al., supra. Antibodies that specifically bind
to a protein according to the invention or functional equivalents thereof are useful in the
invention. For example, such antibodies can be used in an immunoassay to detect a
protein according to the Invention in pathogenic or non-pathogenic strains of Aspel'gﬂlué
(e.9., In Asperglilus extracts).

Preferably, antibodies of the invention are produced using fragments of a
protein according to the invention that appear likely to be antigenic, by criteria such as
high frequency of charged residues. For example, such fragments may be generated by
standard techniques of PCR, and then cloned into the pGEX expression vector (Ausubel
et al., supra). Fusion proteins may then be expressed in E. coli and purified using a
glutathione agarose affinity matrix as described in Ausubel, et al., supra. If desired,
several (e.g., two or thres) fusions can be generated for each protein, and each fusion
can be injected into at least two rabbits. Antisera can be raised by injections In a series,
typically including at least three booster injections. Typically, the antisera are checked for
their ability to immunoprecipitate the proteln according to the invention or functional
equivalents thereof whereas unrelated proteins may serve as a control for the specificity
of the Immune reaction.

- Alternatively, techniques decribed for the production of single chain antibodies
(U.S. Patent 4,946,778 and 4,704,692) _can b be adapted to produce single chain

25

antibodies against a proteln according to the invention or functional equivalents theredf.:‘
Kits for generating and screening phage display librarles are commercially available e.g. -

from Pharmacia.

Additionally, examples of methods and reagents particularly amenable for use
in generating and screening antibody display library can be found in, for example, U.S.
Patent No. 5,223, 409; PCT Publication No. WO 92/18619; PCT Pubfication No. WO

_91/17271; PCT Publication No. WO 20791; PCT Pubfication No." WO 92/20791; PCT

Publication No. WO 92/15679; PCT Publication No.{ WO 93/01288; PCT Publication No.
W0 '92/01047: PCT Publication No. WO 92/09630; PCT Publication No. WO 80/02809:
Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. (1992) Hum. Antibod.
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Hybridomas 3:81-85; Huse et al. (1989) Sclence 246;1275-1281; anﬁms et al. (1993)
EMBO J. 12:725-734.

Polyclonal and monocional antibodies that specifically bind a protein according
to the invention of functional equivalents thereof can be used, for example, to detect
expression of a gene encoding a protein according fo the invention or a functional
equivalent thereof e.g. In another strain of Aspergflius. For example, a protein according
to the invention can be readily detected in conventiona! immunoassays of Aspergillus
cells or exiracts. Examples of suitable assays Include, without lmitation, Westem
blotting, ELlSAs radiolmmune assays, and the like.

By "specifically binds" is meant that an antibody recognizes and binds a
particular antigen, e.g., a protein according to the invention, but does not substantially
recognize and bind other unrelated molecules in a sample.

Antibodies can be purified, for example, by affinity chromatography methods in
which the polypsplide antigen is immobilized on a resin.

An antibody directed against a polypeptide of the invention (e.g., monoclonal
antibody) can be used to Isolate the polypeptide by standard techniques, such as affinity
chromatography or immunoprecipitation. Moreover, such an antibody can be used to
detect the protein (e.g., in a cellular lysate or cell supematant) in order to evaluate the
abundance and pattern of expression of the polypeptide. The antibodies can also be
used diagnostically to monitor protein levels in cells or tissue as part of a clinical .testlng .
procedure, e.g., o, for example, determine the efficacy of a given treatment regimen or
In the diagnosls of Asperglliosis.,

Detection can be facilitated by coupling the antibody to a detectable substanoe

Examples of defectable substances include various enzymes, prosthetic groups.A B

fluorescent materials, luminescent materials, bloluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, p-galactosidase, or acetyicholinesterase; examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein Isothiocyanate, rhodamine,
dichiorotriazinylamine fiuorescein, dansyl chloride or phycoerythrin; an example of a
luminescent material includes luminol; examples of bloluminescent materials Include
luciferase, luciferin, and aequorin, and examples of suitable radioactive materials include
1) 13) 385 or °H, -

Preferred epltopes encompassed by the antigenic peptide are regions that are
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located on the surface of the protein, e.g., hydljophilic regions. Hydrophobicity plots of

the protelns of the invention can be used to identify hydrophilic reglons.
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The antigenic peptide of a protein of the invention comprises at least 7
(preferably 10, 15, 20, or 30) contiguous amino acid residues of the amino acid
sequense selected from the group consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, 36 and 39 and encompasses an epitope of the protein such that an antibody
raised against the peptide forms a specific Immune complex with the protein.

Preferred epitopes encompassed by the antigenic peptide are regions ofthe
protein according to the invention that are located on the surface of the protein, e.g.,
hydrophilic reglons, hydrophoble regions, alpha regions, beta regions, coll regians, tumn

-regions and flexible regions.

Immunoassa

Qualitative or quantitative determination of a polypeptide according to the
present invention in a biological sample can occur using any art-known method.
Antibody-based techniques provide special advantages for assaying specific polypeptide
levels in a biological sample.

In these, the specific recognition is provided by the primary antibody (polyclonal
or monocional) but the secondary detection system can utilize fluorescent, enzyme, or
other conjugated secondary antibodies. As a resutt, an immunocomplex is obtained.

Aocordingly, the invention provides a method for diagnosing whether a certain

organlsm is infected with Aspergiflus comprising the steps of:

e lsolating a bxologlwl sample from sald organism $tispéected {6 b infected With
Aspergillus,

¢ reacting said biological sample with an antibody according to the invention, .

» dstermining whether immunecomplexes are formed.,

Tissues can also be extracted, e.g., with urea and neutral detergent, for the
liberation of protein for Western-blot or dot/slot assay. This technique can also be
applied to body ﬂuids

Other antibody-based methods useful for detecting a protein accordlng to the
invention include immunoassays, such-as the enzyme linked immunosorbent assay
(ELISA) and the radioimmunoassay (RIA). For example, monoclonal antibodies agalnst
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a protein according to the invention can be used both as an immunoabsorbent and as an
enzyme-labeled probe to detect and quantify the protein according to the invention. The
amount of protein present in the sample can be calculated by reference to the amount
present In a slandard preparation using a linear regression computer algorithm. In
another ELISA assay, two distinct specific monoclonal antibodies can ba used to detect
a proteln according to the invention In a biological fluid. In this assay, one of the
antibodies is used as the immuno-absorbent and the other as the enzyme-labeled probe.
' The above techniques may be conducted essentially as a "one-step” or "two-
step® assay. The "one-step” assay involves contacting a protein according to the
invention with immobllized antibody and, without washing, contacting the mbdure with
the labeled antibody. The "two-step” assay involves washing before contacting the
mixture with the labeled antibody. Other conventional methods may also be employed as
suitable, It Is usually desirable to immobilize one component of the assay system on a
support, thereby allowing other components of the system to be brought into contact with
the component and readily removed from the sample.

Suliable enzyme labels include, for example, those from the oxidase group,
which catalyze the production of hydrogen peroxide by reacting with substrate. Activity of
an oxidase label may be assayed by measuring the concentration of hydrogen peroxide
formed by the enzyme-labelled antibodylsubstrate reaction.

Besides enzymes, other suitabls labels include radioisotopes, such as jodine
("1, '), carbon (*C), sulphur (**8), tritium (*H), indium (**In), and technetium (**™Tc),
and fluorescent labels, such as fluorescein and rhodamine, and biotin.

Spaecific binding of a test oompound to a proteln according to the invention can

be detected, for example, in vitro by revers'bly'or umevérs'bly immobilizing the protein

according to the invention on a substrate, e.g., the surface of a well of a 98-well
polystyrene microtitre plate. Methods for immobilizing polypeptides and other small
molecules are well known in the art. For example, the microtitre plates can be coated
with a protein according to the invention by adding the protein in a solution (typically, ata
concentration of 0.05 to 1 mg/m! in a volume of 1-100 ) to each well, and incubating
the plates at room temperature to 37 °C for 0.1 to 38 hours, Protelns that are not bound
to the plate can bs removed by shaking the excess solution from the plate, and then
washing the plate (once or repeatedly) with water or a buffer. Typlcally, the protein is
contained in water or a buffer. The plate Is then washed with a buffer that lacks the




10

15

20

WO 2004/018660 PCT/EP2003/009145

-39-

bound protein. To block the free protein-binding sites on the plates, the plates are

blocked with a protein that is unrelated to the bound proteln. For example, 300 ul of

bovine serum albumin (BSA) at a concentration of 2 mg/ml in Tris-HCl Is suitable.

Sultable substrates include those substrates that contain a defined cross-inking

chemistry (e.g., plastic substrates, such as polystyrene, styrene, or polypropylene

substrates from Coming Costar Corp. (Cambridge, MA), for example). If desired, a
beaded particle, e.g., beaded agarose or beaded sepharose, can be used as the

substrate. .

Binding of the test compound to the polypeptides according to the invention can
be dstected by any of a variety of artknown methods. For example, a specific antibody
can be used In an immunoassay. if desired, the antibody can be labeled (e.g.,
fluorescently or with a radioisotope) and detected directly (see, o.g., West and
McMahon, J. Cell Biol. 74:264, 1877). Alternatively, a second antibody can be used for
detection (e.g., a labeled antibody that binds the Fc portion of an anti-AN97 antibody). In
an altemnative detection method, the protein according to the invention is labelad, and
the label Is detected (e.g., by labeling a protein accbrdlng to the invention with a
radiolsotope, fluorophore, chromophore, or the. fike). In still another method, the protein
according to the invention is produced as a fusion protein with a protein that can be
detected optically, e.g., green fluorescent “protein (which can be detected under UV
light). In an altemative method, the proteln according to the Invention can be covalently
attached to or fused with an enzyme having a detectable enzymatic activity, such as
horse radish peroxidase, alkaline phosphatase, alpha-galactosidase, or glucose oxidase.

Genes encoding all of these enzymes have been cloned and are readily available for

25
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use by those of skill in the art. If deslred, the fusion protein can include an antigen, and
such an antigen can be detected and measured with a polyclonal or monoclonal

- antibody using conventional methods. Suitable antigens include enzymes (e.g., horse

radish peroxidase, alkaline phosphatase, and alpha-galactosidase) and non-enzymatic
polypeptides (e.g., serum proteins, such as BSA and globulins, and milk proteins, such
as caseins). . . -

Epltopes, antigens and immunogens.

In another aspect, the invention provides a peptide or polypeptide comprising
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an epifope-bearing portion of a polypeptide of the invention. The epltope of this
polypeptide porfion is an immunogenic or antigenic epitope of a polypeptide of the
invention. An "immunogenic epitope” Is defined as a part of a protein that elicits an
antibody response when the whole protein Is the immunogen. These immunogenic
epitopes are believed to be confined to a few loci on the molecule. On the other hand, a
region of a protein moleculs to which an antibody can bind is defined as an "antigsnic
epitope.® The number of immunogenic epitopes of a protein generally Is less than the
number of antigenic epitopes. See, for instance, Geysen, H. M. st al., Proc. Natl. Acad.
Sci. USA 81:3998-4002 (1984).

As to the selection of peptides or polypepﬁdes bearing an antigenic epitope
(i.e., that contain a region of a protein molecule to which an antibody can bind), it is well
known In that art that relatively short synthetic peptides that mimic part of a protein
sequenca are routinely capable of eliciing an antiserum that reacts with the partially
mimicked protein. See, for instancs, Sutcliffs, J. G. et al., Science 219:660-666 (1984).
Peptides capable of eliciting protein-reactive sera are frequently represented In the
primary sequence of a protein, can be characterized by a set of simple chemical rules,
and are confined neither to immunodominant regions of intact proteins (i.e.,
immunogenic epitopes) nor to the amino or carboxyl terminals. Peptides that are
extremely hydrophobic and those of six or fewer residues generally are ineffective at
inducing antibodies that bind to the mimicked protein; longer, soluble peptides,
especially those containing proline residues, usually are effective. Sutclifie et al., supra,
at 661. For instance, 18 of 20 peptides designed according to these guidelines,
contalning 8-39 residues covering 75% of the sequence of the Influenza wrus

30
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hemagglutinin HA! polypeptide chain, induced antibodies that reacted with the HA1
protein or intact virus; and 12/12 peptides from the MuLV polymerase and 18/18 from the
rabies glycoprotein induced antibodies that precipitated the respective proteins. .
Antigenic epitope-bearing peptides and polypeptides of the invention are
therefore useful to raise antibodies, including monoclonal antibodles, that bind
specifically to a polypeptide of the. invention. Thus, a high proportion of hybridomas
obtained by fusion 6f spleen cells from donors immunized with an antigen epitope-
bearing peptide generally secrete antibody reactive with the nafive protein. Sutclifie et
al., supra, at 663. The antibodies raised by anfigenic epitope bearing peptides or -
polypeplides are useful to detect the mimicked protein, and antibodies to different
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peptides may be used for tracking the fate of various regions of a protein precursor
which undergoss posttransiation processing. The peptides and anti-peptide antibodles
may bs used in a variety of qualitative or quantitative assays for the mimicked proteln,
for Instance in competition assays since it has been shown that even short peptides
(e.g., about 9 amino acids) can bind and displace the larger peptides in
immunoprecipitation assays. Ses, for instance, Wilson, L.A. etal., Cell 37:767-778 at 777
(1984). The anti-peptide antibodies of the invention also are useful for purification of the
mimicked protein, for instance, by adsorption chromatography using methods well known
in the art. . '

Antigenic epitope-bearing peptides and polypsptides of the invention designed
according to the above guidelines preferably contain a sequencs of at least seven, more
preferably at least nine and most preferably between about 15 to about 30 amino aclds
contained within the amino acid sequence of a polypeptide of the invention. However,
poptides or polypeptides comprising a larger portion of an amino acid sequence of a
polypeptide of the invention, containing about 30 to about 50 amino acids, or any length
up to and including the entire amino acid sequence of a polypeptide of the invention,
also are considered epitope-bearing peptides or polypepﬂdes of the invention and also
are useful for inducing antibodies that react with the mimicked protein. Preferably, the
amino acid sequence of the epitope-bearing peptide is selected to provide substantial -
solubllity In agueous solvents (i.e., the sequence includes relatively hydrophilic residues
and highly hydrophobic sequences are preferably avoided), and sequences containing
proline residues are particularly preferred.

The_epitope-bearing peptides and polypepﬂdss of the invention may be

produced by any conventional means for making pephdes or polypept:des including
recombinant means using nuclsic acld molecules of the invention. For instance, a short
eprtope-beaﬁng amino acid sequence may be fused fo a larger polypeptide which acts
as a camier during recombinant producﬂon and purification, as well as during

immunization to produce anti-peptide antibodies.

Epitope-bearing peptides also may be synth%ized using known methods of
chemical synthesls. For Instance, Houghten has described a simple method for
synthesis of large numbers of peptides, such as 10-20 mg of 248 different 13 residus
peptides representing single amino acid variants of a segment of the HA! polypeptide
which were prepared and characterized (by ELISA-type binding studies) in less than four
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weeks. Houghten, R. A., Proc. Natl. Acad. Sci. USA 825131-6135 (1985). This -
*Simultansous Multiple Peptide Synthesis (SMPS)" process is further described in U.S,
Patent No. 4,631,211 to Houghten et al. (19886). In this procedure the individual resins
for the solid-phase synthesls of various peptides are contained in separate solvent-
permeabls packets, enabling the optimal use of the many Identical repefitive steps
involved In sofid-phase methods. _

A completely manual procedure allows 500-1000 or more syntheses to be
conducted simultaneously. Houghten et al,, supra, at 5134

Epitope-bearing peptides and polypeptides of the invention are used to induce
antibodies acconding to methods well known in the art. See, for instance, Sutcliffe et al,,
supra; Wilson et al., supra; Chow, M. et al., Proc. Natl. Acad. Sci. USA 82:910-914; and
Bittle, F.J. et al., J. Gen. Virol. 68:2347-2354 (1985).

Generally, animals may be immunized with free peptide; however, anti-peptide
antibody titer may be boosted by coupling of the peptide to a macromolecular carrier,
such as keyhole limpet hemocyanin (KLH) or tetanus toxoid. For instance, peptides
containing cysteine may be coupled to carrier using a linker such as maleimidobenzoyl-
N-hydroxysuceinimide ester (MBS), while other peptides may be coupled to camrier using
a more general linking agent such as glutaraldehyde.

Animals such as rabbits, rats and mice are immunized with either free or
carriercoupled peptides, for instance, by intraperitoneal and/or intrademmal Injection of
emulsions containing about 100 ug peptide or carrier protein and Freund’s adjuvant.
Several booster Injections may be nesded, for instance, at intervals of about two weeks,
to provide a useful titer of anti-peptide antibody which can be detected, for exampls, by

ELISA assay using fres peptide adsorbed to a solid surface. The fiter of anﬁ-pepﬁde_
antibodles in serum from an immunized animal may be Increased by selection of antl-
peptide antibodies, for instance, by adsorption to the peptide on a solid support and
elution of the selected antibodies according to methods well known in the art.
Immunogenic epitops-bearing peptides of the invention, i.e., those parts of a

protein that eficit an antibody response when the whols protein is the immunogen, are
identified according to methodé known in the art. For instance, Geysen et al., 1984,
supra, discloses a procedure for rapid concurrent synthesis on sofid -supports of
huridreds of peptides of sufficlent purity to react in an enzyme-linked immunosorbent
assay. Interaction of synthesized peptides with antibodies is then easily detected without
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removing them from the support. In this manner a peptide bearing an immunogenic

epitops of a desired protein may be identified routinely by one of ordinary skill in the art.
For instancs, the immunologically important epitops in the coat protein of foot-and-mouth
disease virus was located by Geysen et al. with a resolution of seven amino acids by
synthesis of an overlapping set of all 208 possible hexapeptides covering the entire 213
amino acid sequence of the protein. Then, a complete replacement set of peptides in

which all 20 amino acids were substituted in turn at every position within the epitope’

were synthesized, and the particular amino acids conferring.spegificity for the reaction
with antibody were determined. Thus, peptide analogs of the epitope-bearing peptides of
the invention can be made routinsly by this method. U.S. Patent No. 4,708,781 to
Geysen (1987) further describes this method of identifying a peplide bearing an
immunogenic epltope of a desired protein.

Further still, U.S. Patent No. 5,194,392 to Geysen (1990) describes a general
method of detecting or determining the sequence of monomers (amino acids or other
compounds) which is a topological equivalent of the epilope (i.e., a "mimotope”) which is

complementary to a particular paratope (antigen binding site) of an antibody of interest.

More generally, U.S. Patent No. 4,433,092 to Geysen (1989) describes a method of
detecting or determining a sequence of monomers which s a topographical equivalent of
a ligand which Is complementary to the ligand binding site of a particular receptor of
interest. Similarly, U.S. Patent No. 5,480,971 to Houghten, R. A. et al. (1996) on
Peralkylated Oligopeptide Mixtures discloses linear C1-C7-alkyl peralkylated
oligopeptides and sets and libraries of such pepfides, as well as methods for using such
_oligopeptide sets and libraries for determining the sequence of a peralkytated
oligopeptide that preferentiafly bmds to an acceptor molecule of interest. Thus, non-
peptide analogs of the epitope-bearing peptldes of the invention also can be made
routinely by these methods.

Use of lipolytic enzymes in industrial processes

)

The invention also reiété to the use of the fipolytic enzyme according to the

invention in a selected number of :industrial processes. Despite the long-term experience ’

obtained with these processes, the lipolytic enzyme according to the invention features a

number of significant advantages over the enzymes currently used. Depending on the-

(
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" specific ap;il'mﬂon. these advantages can include aspects like lower production costs,

higher specificity towards the substrate, less antigenic, less undesirable side activities,
higher yields when produced in a suitable microorganism, more suitable pH and
temperature ranges, better tastes of the final product as well.as food grade and kosher
aspects. ‘

The present invention also relates to methods for preparing a dough or a baked
product comprising incorporating into the dough an effective amount of a fipolytic

' enzyrhe of the present invention which improves one or more properties of the dough or

the baked product obtained from the dough relative to a dough or a baked product in.
which the polypepftide Is not incorporated.

The phrase “incorporating into the dough" Is defined herein as add'mg the
lipolytic enzyme according to the Invention to the dough, any ingredient from which the
dough Is to be made, and/or any mixture of dough ingredients form which the dough s to
be made. In other words, the lipolytic enzyme according to the Invention may be added
in any step of the dough preparation and may be added in one, two or more steps. The
lipolytic enzyme according to the invention is added to the ingredlents of a dough that is
kneaded and baked to make the baked product using methods well known in the art.
Sse, for example, U.S. Patent No. 4,567,046, EP-A-426,211, JP-A-60-78529, JP-A-62-

- 111629, and JP-A-63-258528.

The term “effective amount” Is defined herein as an amount of the fipolytic
enzyme according to the invention that is sufficient for providing a measurable effect on
at lsast onse property of interest of the dough and/or baked product.

_ _The tem “improved property” is defined herein as any property of a dough

25

30

and/or a product obtained from the dough, particularly a baked pxoduct, whlch is
improved by the action of the lipolyuc enzyme according to the invention relative to a

-dough or product in which the lipolytic enzyme according 'to the invention is not

incorporated. The improved property may Include, but is not limited to, increased
strength of the dough, increased efasticity of the dough, increased stability of the dough,
reduced stickiness of the dough, improved extensibility of the dough, improved flavour of
the baked product, improved anti-staling of the baked product.

The improved property may be determined by comparison of a dough andfor a
baked product prepared with and without addition of a polypepfide of the present
Invention in accordance with the methods of present invention are described below in
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the Examples. Organoleptic qualiies may be evaluated using procedures well
established in the baking Industry, and may include, for example, the use of a panel of
trained taste-testers.

The term “increased strength of the dough” is defined herein as the property of
a dough that has generally more elastic properties and/or requires more work input to
mould and shape.

The temn “increased elasticity of the dough” Is defined herein as the property of
a dough which has a higher tendency to regain its original shape after being subjected to
a certain physical strain.

The term *increased stability of the dough?” is defined herein as the property of a
dough that Is less susceptible to mechanical abuse thus better maintaining its shape and
volume.

The term “reduced stickiness of the dough® is defined herein as the property of
a dough that has less tendency to adhere to surfaces, e.g., in the dough production
machinery, and Is either evaluated empirically by the skilled test baker or measured by
the use of a texture analyser (e.g., TAXT2) as known in the art.

The term “improved extensibility of the dough® is defined herein as the property
of a dough that can be subjected to increased strain or stretching without rupture.

The term “improved machineability of the dough® is defined herein as the
property of a dough that is generally less sticky and/or more firm and/or more elastic.

The term “increased volume of the baked product’ is measured as the specific
volume of a gliven loaf of bread (volume/weight) determined typically by the traditional

rapeseed di displacement method.

The term “Improved crumb structure of the baked produck” is defined herein as
the property of a baked product with finer and/or thinner cell walls in the crumb and/or
more uniform/homogenous distribution of cells in the crumb and is usually evaluated

- empirically by the skilled test baker.

The term “improved softness of the baked product” is the opposite of “firmness”®
and Is defined herein as the property of a baked product that Is more easily compressed
and Is evaluated either empirically by the skilled test baker or measured by theuse of a

texture analyzer (e.g., TAXT2) as known in the art.

The term “improved flavor of the baked product’ is evaluated by a trained test
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The term “improved anti-staling of the baked product® Is defined herein as the
properties of a baked product that have a reduced rate of deterioration of quality
parameters, e.g., softness and/or elasticity, during storage.

The term “dough” is defined herein as a mixture of flour and other ingredients
firm enough to knead or roll. The dough may be fresh, frozen, pre-bared, or pre-baked.
The preparation of frozen dough is described by Kulp and Lorenz in Frozen and
Refrigerated Doughs and Batters.

The term °baked product” is defined herein as any product prepared from a
dough, either of a soft or a crisp character. Examples of baked products, whether of a
white, light or dark type, which may be advantageously produced by the present
invention are bread (in particular white, whole-meal or rye bread), typically in the form of

Ioaves or rolls, French baguette-type bread, pasta, pita bread, tortillas, tacos, cakes,

pancakes, biscuits, cookles, ple crusts,'steamed bread, and crisp bread, and the like.

* Lipolytic enzyme of the present invention and/or additional 'enzymes'to be used
In the methods of the present invention may be in any form suitable for the use in
question, e.g., in the form of a dry powder, agglomerated powder, or granulate, in
particular a non-dusting granulate, liquid, in particular a stabilized liquid, or protected
enzyme such described in WO001/11974 and WO02/26044. Granulates and
agglomerated powders may be prepared by conventional methods, e.g., by spraying the
lipolytic enzyme according to the invention onto a carrier in a fluid-bed granulator. The
camrier may consist of particulate cores having a suitable parlicle size. The camier may
be soluble or inscluble, e.g., a salt (such as NaCl or sodium sulphate), sugar (such as
sucrose or lactose), sugar alcohol (suoh as sorbitol), starch, rics, com grits, or soy. The

25
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lipolytic enzyme according to the mvenﬂon and/or additional enzymes may be contained
in slow-release formulations. Methods for preparing slow-release formulations are well
known In the art. Adding nutritionally acceptable stabilizers such as sugar, sugar alcohol,
or another polyol, andior lactic acid or another organic acid according to established
methods may for instance, stabilize liquid enzyme preparations.

The lipolytic enzyme according to the invention may also be Incorporated in.
yeast comprising compositions such as disclosed in EP-A-0619947, EP-A-0659344 and
wo02/49441.

For Inclusion in pre-mixes of flour it is advantageous that the polypepﬂde
according to the invention Is in the form of a dry product, e.g., a hon-dusting granulate,
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‘whereas for Inclusion together with a liquid it s advantageously in a fiquid form.

One or more additional enzymes may also be incorporated into the dough. The
additional enzyme may be of any origin, including mammalian and plant, and preferably
of microblal (bacterial, yeast or fungal) origin and may be obtained by techniques
conventionally used in the art.

In a preferred embodiment, the additional enzyme may be an amylase, such as
an alpha-amylase (useful for providing sugars fermentable by yeast and retarding
staling) or beta-amylase, cyclodextrin glucanotransferase, peptidase, in particular, an
exopeptidase (useful in flavour enhancement), transglutaminass, lipase (useful for the
modification of liplds present in the dough or dough constituents so as to soften the
dough), phospholipase, ceflulase, hemicellulase, In particular a pentosanase such as
xylanase (useful for the partial hydrolysis of pentosans which increases the extensibility
of the dough), protease (useful for gluten weakening in particular when using hard wheat
fiour), protein disulfide isomerass, .g., aprotein disulfide isomerase as disclosed in WO
95/00836, glycosyltransferase, peroxidase (useful for improving the dough consistency),

laccase, or oxidase, .., an glucose oxidase, hexose oxidase, aldose oxidase,

pyranose oxidase, lipoxygenase or L-amino acid oxidase (useful In improving dough
consistency). : .

When one or more additional enzyme activitles are to be added in accordance
with the methods of the present invention, these activiies may be added separately or
together with the polypeptide according to the invention, optionally as constituent(s) of
the bread-improving and/or dough-improving composition. The other enzyme activities
_may be any of the enzymes described above and may be dosed in acoordanoe with
established baking practices. o

' The present invention also relates to methods for preparing a baked product

compiising baking a dough obtained by a methed of the present invention to produce a
baked product. The baking of the dough to produce a baked product may be performed
using methods well known in the art.

The present invention also relates to doughs and baked products, respectively,
produced by the methods of the present invention.

The present invention further relates to a pre-mix, e.g., in the form of a flour
composition, for dough and/or baked products made from dough, in which the pre-mix
comprises a polypeptide of the present invention. The term “pre-mix® is defined herein to
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be understood In its conventional meaning, l.e., as a mix of baking agents, generally
including flour, which may be used not only in industrial bread-baking plants/facilities, but .

" also In retail bakeries. The pre-mix may be prepared by mixing the polypeptide or a

3
/
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bread-improving and/or dough-improving composition of the invention comprising the
polypeptide with a sultable carrier such as flour, starch, a sugar, or a salt. The pre-mix
may contain other dough-improving and/or bread-improving additives, e.g., any of the
additives, Including enzymes, mentioned above.

The present invention further relates to baking additives in the form of a
granulate or agglomerated powder, which comprise a polypeptide of the present
invention. The baking addm\)e preferably has a narrow particle size distribution with more
than 85% (by weight) of the particles in the range from 25 to 500 pm.

in dough and bread making the present invention may be used in combination
with the processing aids defined hereinbefore such as the chemical processing alds ke
oxidants (e.g. ascorbic acid), reducing agents (e.g. L-cysteine), oxidoreductases (e.g.
glucose oxidase) and/or other enzymes such as polysaccharide modifying enzymes (e.g.
a-amylase, hemicellulase, branching enzymes, etc.) and/or prolein modifying enzymes
(endoproteass, exoprotease, branching enzymes, etc.).

EXAMPLE 1
. Femmentation of Asperglllus niger

_Lipolytic enzymes encoded by the nucleotide sequence as provided herein were

obtamed by constructing expression plasmids containing the DNA sequences,
transforming an A. niger strain with this plasmid and growing the Aspergillus niger stralns
in thw following way.

Fresh spores (10°%-107) of A. niger strains were inoculated In 20 mt CSL-medium
(100 ml flask, baffle) and grown for 20-24 hours at 34°C and 170 rpm. After inoculation

- of 5-10 mi CSL pre-culture In 100 mi CSM medium (500 ml flask, baffle) the $trains were

30

- fermented at 34°C and 170 rpm for 3-5 days.

Cellree supematants were obtained by centnfuga'aon in 50 m! Greiner tubes
(30 minutes, 5000 rpm). The supematants were pre-filtered over a GF/A Whatman Glass
microfiber filter (150 mm /E) to remove the larger particles, adjusted to pH 5 with 4 N
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KOH (if necessary) and sterile filirated over a 0.2 ym (botlle-top) filter with suction to
remova the fungal material. The supematants were stored at 4°C (or -20°C).

The CSL medium consisted of (in amount per fitre): 100 g Com Steep Solids
(Roquetts), 1 g NaHPO4*H;0, 0.5 g MgS04*7H.0, 10 g glucose*H.0 and 025 g
Basildon (antifoam). The ingredients were dissolved in demi-water and the pH was
adjusted to pH 5.8 with NaOH or H;SO4; 100 m! flasks with baffle and foam ball were
filled with 20 m! fermentation broth and sterilized for 20 minutes at 120°C after which 200
ui of a solution containing 5000 IU/mi penicillin and 5 mg/ml Streptomycin was added to
each flask after cooling to room temperature. :

The CSM medium consisted of (in amount per fitre): 150 g maltose*H20, 60 g
Soytone (pepton), 1 g NaH,PO4"H;0, 15 g MgS04*7H,0, 0.08 g Tween 80, 0.02 g
Basildon (antifoam), 20 g MES, 1 g L-arginine. The ingredients were dissolved in demi-
water and the pH was adjusted to pH 6.2 with NaOH or H,S0,; 500 ml flasks with baffle
and foam ball were filled with 100 ml fermentation broth and sterilized for 20 minutes at
120°C after which 1 m! of a solution containing 5000 IU/m! penicilin and § mg/mi
Streptomycin was added to each flask after cooling to room temperature.

EXAMPLE 2
Purification of the lipolytic enzymes of the invention

Step 1 - Preparation of ultrafifirates

The supsmatants of the cultures, as obtained In Example1, were ulirafiltrated to .

remove the low molecular contaminations that could lnterfere with the enzymatic activity

determinations and the baking tests. Uttraﬁltraﬁon of 30 ml supematant was performed In

" a Millipore Labscale TFF system equipped with a filter with a 10 kDa cut-off.

Depending on their colour, the samples were washed 3-5 times with 40 mi
volumes of cold 100 mM phosphate buffer pH 6.0 including 0.5 mM CaCl, : The final
volume of the enzyme solution was 30 ml and is further refened_ to as “uitrafiltrate”.

Step 2 - Determination of the lipolytic enzymes congcentration by A280 and HPSEC.

The concentration of the lipolytic enzymes in the ultrafilirate was calculated from
the extinction at 280 nm (A280) attributable to the lipolytic enzymes and the calculated
molecular extinction coefficient of the lipolytic enzymes. Measurement of the A280 was

p
\
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performed in an Uvikon XL Secomam spectrophotometer (Beun de Ronde, Abcoude,
The Netherlands).

The molecular extinction coefficient of an enzyme can be calculated from the
number of tyrosine, tryptophan and cysteine residues per enzyme molecule (S.C. Gill

5 and P.H. von Hippel, Anal. Blochem. 182, 319-328 (1989)). The molecular extinction
toefficient of these amino acids are 1280, 5690 and 120 M’.cm™ respectively. The
number of tyrosine, tryptophan and cysteine residues in the Iipolytfc enzymes of the
invention can be deduced from the protein sequences selected from the group
consisting of SEQ ID NO: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39. The

10 calculated extinction coefficlents of the lipolytic enzymes of the invention are
summarized in Table 2.
Table 2 _ .
Calculated exiinction
Lipolytic | SEQID # amino acids Ca:\cd;uvlsted :?ezfsﬁgrzrr;:
erzyme | NO: (Da) R I (T
P | Tyr | Cys M .cm om’
BEO28 3 13 [ 26| 6 64141 | 107970 1.7
NBEOZO | 6 T4 27 [ 6 | 63250 | 114940 138
| NBE030 9 17 |26 ] 6 59952 130730 2.2
NBEQ31 12 .9 27] 4 - 61173 | 86250 1.4
| NBE032 15 3 |13 6 29683 34430 12
NBE033 18 7 |24 2 44850 70790 1.6
B0 T2 | 13 19| 7 [ —53796— 81150 —— 6 —— |-~ -
NBEOQ36 24 10 | 23 7 64945 | 87180 1.3
NBEO3 27 13 [29[ 4 55161 | 111570 | . 2.2
NBEO39 | 30 T [26 | 6 | 59208 | 96590 K
NBEOZS | 33 6 35| 8 62564 | 136800 22
[ NBEO4S | 36 [4] 6 8_ 26688 8400 1. 031
NBEOAZ | 39 | 94 |30 7 | o103 | 118000 [ 19
15 The extinction of the ultrafiltrate at 280 nm (A280) that is attributable to the

fipolytic enzymes depends on the purity of the enzyme sample. This purity was
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- determined using HPSEC (High Performance Size Exclusion Chromatography) with a

TSK SW-XL column (300*7,8 mm; MW range 10-300 kDa). The elution buffer consisted
of 25 mM sodium phosphate buffer pH 6.0 and was used at a flow of 1 mi/min. Samples
of 5—100 i were injected. The absorbance at 280 nm was measured.

i
\

5 The A280 in the ultrafiltrate attributable to the lipolytic enzyme of the invention
was obtained from the ratio of the peak surface of the respective lipolytic enzyme peak In
the chromatogram and the total surface of the peaks absorbing at 280 nm. The lipolytic
‘enzyme concentration in the ultrafiltrate was then calculated by multiplying the A280 of
the ultrafiitrate by the ratio described above and divided by the calculated extinction

10 cosfficient (1 mg/mi solution — Table 2 most right column) for each lipolytic enzyme.
EXAMPLE 3
Activity measurements
The celi-free supematants obtained in Example 1 were subjected to the lipase,
15 phospholipase and galactolipase assays as summarized in Table 3.
Table 3. Lipolytic enzyme activities in the cell free supemants as prepared in Example 1.
lyso )
Lipolytic enzyme - Lipase p‘l}:%’go P B::ga %;‘:io
NBEO28 + e + 0
[ NBE029 + + + 0
- NBEO31 4+ re + +
- TNBED3Z - - + + I -
[ NBEO33 + ++ + re
NBEO34 0 + 0 0
—NBEO36 0 + + 0
[ NBEO38 0 + 0 )
—NBE02 + 0 0 I
—NBEGES |~ + 0 0 0 -
0 = not different from bfanc; +/-++++ = higner than b
20 Lipase activity was determined spectrophotometrically by using 2,3-mercapto-1-

propanok-tributyrate (TBDMP) as a substrate. Lipase hydrolyses the sulphide bond of
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TBDMP thereby liberating thio-butanoic acid which in a subsequent reaction with 4,4,-
dithiodipyridine (DTDP) forms 4-thiopyridone. The latter is in a tautomeric squilibrium
with 4-mercapthopyridine which absorbs at 334 nm. The reaction Is carried out in 0.1 M
acetate buffer pH 5.0 containing 0.2 % Triton-X100, 0.65 mM TBDMP and 0.2 mM DTDP
at 37°C. One lipase unit is defined as the amount of enzyme that liberates 1 micromole
of 4 thio-butanoic acld per minute at the reaction conditions stated.

Phospholipase A was determined spectrophotometrically by using 1,2-
dithiodioctanoyl-phosphatidylcholine as a substrate. Phospholipase A hydrolyses the
sulphide bond at the 1 position (PLA1) or the 2 position (PLA2) thereby liberating 4 thio-
octanolc acid which, in a subsequent reaction reacts with 4,4"-dithiopyridine to form 4-
thiopyridone. The latter Is in tautomeric equilibrium with 4-mercaptopyridine that absorbs
at 334 nm. The reaction Is carried out in 0.1 M acetate buffer pH 4.0 contalining 0.2 %
Triton-X100, 0.65 mM substrate and 0.2 mM DTDP at 37°C. One phospholipase A unit
(PLA) Is defined as the amount of enzyme that liberates 1 micromols of 4 thio-octanoic
acid per minute at the reaction conditions stated.

Lysophospholipase activity was determined with *P-NMR spectroscopy by

using lysophosphatidyl-choline as a substrate. Lysophospholipase hydrolyses the ester
bond thereby liberating the fatty acid from the glycerol moiety. The so-formed
glycerolphosphocholine Is quantified using NMR.

The reaction Is carried out in 50 mM acetic acid buffer pH 4.5 further containing 1 mg/m}

One lysophospholipase unit (LPC) Is defined as the amount of enzyme that forms 1
micromole of 4 glycsrolphosphocholine per minute at the reaction conditions stated.

Galactonpase-acﬂvity was determined with H-NMR spectroscopy by using
digalactosyldiglyceride as a substrate, according to the method described by Hirayama
and Matsuda (1972) Agric. Biol. Cheni.” 36, 1831. Galactolipase hydrolyses the ester
bond between the fafty acids and the glycerol backbons thereby liberating one or both
fatty aclds. The reaction is carried out in 50 mM acetic acid buffer pH 4.5 further
contalning 4 mM CaCl,, 0.2% Tiiton X-100 and 1 mg/ml digalactosyldiglyceride (Lipid
Products) for 30 minutes at 30°C. One galactolipase unit is defined as the amount of
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enzyme that forms 1 micromole of fatty acid per minute at the reaction conditions stated. -

The ullrafiltrates obtained in Example 2, were subjected to the FAU enzyme

activity measurement, The aclivity of the fungal alpha-amylase was measured using

5 Phadebas Amylase test tablets (Phamacia). Phadebas tablets contain a water insoluble

starch substrate and a blue dys, bound by cross-finking to the substrate. The substrats is
hydolysed by fungal amylase, releasing dyed soluble maltodextrines that go into '
solution. A calibration curve was prepared with a solution containing a reference fungal (

alpha amylase activity. From the reference and unknown samples appropriate dilutions

10 were prepared in 50 mM malic acid buffer pH 5.5. Samples of 5 ml were Incubated with

30°C for § minutes, a Phadebas tablet was added and afler 15 minutes the reaction was

stopped by the addition of 1.0 mi 0.5 N sodium hydroxide. The mixtures were allowed to

cool down to room temperature for 5 minutes after which 4.0 m) water was added,

shaken by hand and after 15 minutes the samples were centrifuged at 4700 rpm for 16

15 minutes. The extinction of the top layers was measured at 620 nm. The OD 620 nmisa

measure for fungal alpha amylase activity. One fungal amylase unit (FAU) is defined

herein as the amount of enzyme that converts 1 gram of starch (100% dry matter) per

hour into a product having a transmission at 620 nm after reaction with a iodins solution

of known strength at the reaction conditions stated.

20
Table 4. FAU and protein in the ultrafiltrates as prepared in Example 2. ‘
T - g S I R

ipo! e e from the 280 nm

polytic enzym nalyst (FAUImI)
NBE028 23 AS
NBE029 13 30
NBEO30 04 28
NBE031 o4 25
NBEO32 10 . 03
NBE033 ND ] 03
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NBEO34 ND X
NBE036 ND 34
NBE038 20 37
NBE039 22 08
NBEO043 0.1 02
NBE045 ND 40
NBEO042 . ' 16 15

In addition to the activities mentioned in Table 4, minor activities of
glucoamylase was also present, however in such low amounts that these enzymes did

not interfere In the baking experiments described In example 4.

EXAMPLE 4
Baking experiments 1 — pup loaves

Pup loaves were baked from 150 gram dough pieces obtained by mixing 200 g
fiour (Kollbri™/Ibis™ in a ratio of 80/20), 1,4 g dried baker's yeast (Fermipan®), 4 g salt,
3 g sugar, 10 mg ascorbic acid, 116 g water and 2 g fat. After mixing for 6 minutes and
15 seconds in a pin mixer, the dough was divided into pieces of 150 grams and proofed
for 45 minutes at 30°C, punched, proofed for another 25 minutes, moulded and panned.
Proofing took place at a relative humidity of 80-100%. Afler a final proof of 70 minutes at
30°C, the dough was baked for 20 minutes at 225°C.

20

‘The various effects (Tables 5 and 6) of the different lipolytic enzymes in the
baking exp—e;iments wer”ewmpar;!-thh a control containing the same amount of it—lr;aél
amylase that was added otherwise by the dosage of the ultrafiltrate (for the fungal
amylase acfivity in the ultrafiltrates see Table 4). This was necessary since the amounts
of fungal amylase added wifh the lipolytic enzymes in particular affected the-loaf volume,
not the other parameters. The volume of the breads with the control amount of fungal

amylase added was taken as 100%. . . ] -
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‘“Table 5. - e
Score
effect
1 2 3 4 5
control much excellent
dough stickiness | too sti sti .
cky oky bread better dry
L
2 . Shorter
2 control
2 dough extensibility | Too short | than the bread good too long
control
b structu non- | control | o od | excellent
crumb s re oor exce :
P uniform bread g en
2 crust colour Nearly too light control excellent | too dark
0
g white 9 broad °
o Far too too control absolut
2 crumb colour excellent SO e
s yellow yellow bread white
tall Fartoo too firm control softer il
stalin - 0
9 fim bread excelient

Loaf volume was determined by the Bread Volume Measurer BVM-3 (Rl Cards
Instruments AB, Viken, Sweden). The principle of this measurement is based on the
reflection of ultrasound measured by a sensor around a rotating bread. A measurement
fime was taken of 45 seconds,

___Dough sfickiness and extensibliity were evaluated by a qualifiad baker using the

~

10

15

scale depicted in Table 5. The average of 2 loaves per object was measured.

After these tests the dough pleces were rounded and a first proof was
performed for 45 minutes at 30°C and hereafter the dough was punched, moulded,
panned, proofed for 75 minutes at 30°C. The relative humidity during the proofs was set
at 85%.

: Subsequently the stability of the prooféed dough was judged by the presence of
bladders, tom side crust and Iregular curved surfaces of the crust: The dough pleces
were baked for 20 minutes at 225°C. Loaf volumes were determined by the BVM-3
method: in the table the average is presented of 2 breads that are baked from the same

object.




10

15

20

WO 2004/018669 PCTI/EP2003/009145

-56-

The crumb structure was judged by a qualfified baker using the scale depicted In
Table 5. After storing the loaves for three days in polyethylene bags at room temperature
crumb firmness was measured using a Stevens Texture Analyser. Two slices of 2 cm
thickness from the centre of each loaf were analysed by the texture analyser using a
probe of 1.5 inch diameter, a compression depth of 5 mm (25%) and a rate of
compression of 0.5 mm/sec. In the table the average is shown of two measurements.

Crust colour was judged by a qualified baker according to the scale deplcted in
Table 5. As a reference the standard recipe for Dutch tin bread was used. '

Crumb colour was judged by a qualified baker according to the scals depicted in
Tabls 5. The colour of the crumb of the control breads was judged as normal (3). As a
positive control the breads of 2 objects are used with the same composition as the
control plus 0.5% soya flour. The proofing and baking procedure are the same as that of
the control without soya flour. The latter is judged as “sxcelient’.

The overhanging top of the bread was judged by the hanging of the top in
relation fo the baking tin, the lower the edges of the top the lower the judgemsnt. The
less hanging, the better the judgement,

Staling of the bread was judged by feeling the firmness of the crumb of slices of
the bread. Before slicing took place, the bread was stored in a plastic bag at rcom
temperature for 4 days. The softer the crumb of the slices Is, the better the judgement.

Table 6. Baking performance of the fipolytic enzymes of the invention

Parameter
gzyly,:: :’g .:‘g? = % e | 2 g 3 _§_ 'g 1=
g [Z5|88 (35 58| 2|2 |28 |5
3 38|85 |88 |68 | B E |5 5
= 5| 3 6|85 |6
NBEO28 | 100 | 3 3 4 2 3 3 3 3
NBEO2O | 104 -| 3 | 3 2 3 4 |4 | 4 |3
NBEG30 | 107 | 3 2 4 4-| 4 4 | 3 3
NBEO31 | 102 | 3 2 ) 5 2 | 4 3 L
NBEO32 | 98 3 3 4 2 3 3 |- 3 | 3
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InNBEO33 | 105 | 3 2 4 2 4 3 3| 3 ]
NBE034 | 104 3 3 4 4 4 4 4 3
"NBE036 | 100 3 3 4 3 4 4 4 3
NBEO38 | 109 | 3 3 4 5 4 4 3 3
NBE039 | 109 3 |3 4 4 3 4 3 3
NBED43 | 106 3 | 3 4 3 4 4 3 3.
NBEO45 | 110 | 3 3 4 4 3 4 4 4
NBEO42 | 110 3 4 4 4 3 4 3 3

EXAMPLE 5

Béking experiments 2 — batard

The baking performance of lipolytic enzymes according to the invention was
tested In the French type of bread called “batard”. Preparation of batards In a standard
baking process was done by mixing 3000 g of wheat flowr at circa 20°C, 70 g
compressed yeast, 60 g salt, 68 ppm ascorbic acid, 30 ppm Bakezymoe® HSxum (fungal
hemicellulase), 7 ppm Bakezyme® P500 (fungal a~amylase) and 1680 mi water (8-
10‘0)‘ in a spiral mixer (Diosna: 2 minutes in speed 1; 100 Wh input in speed 2). The
dough temperature was 27°C. The machineability of the dough was analysed by hand by
a baker. The dough was glven a bulk proof of 15 minutes in a proofing cabinet at 32°C
and 90% RH. Afterwards the dough was divided into 6 pleces of 350 g, rounded and
proofad for 15 minutes at 32°C and 80% RH. At the end of this périod the dough pieces

R L

were moulded and shaped and given a final proof of 90-minates at-32°C-and-90% RH.
The fully proofed doughs were cut in the length of the dough pisce and baked in an oven
at 240°C for 30 minutes with initlal steam addition. After cooling down to room
temperature the volumes of the loaves wéw determined by the BVM-method (see
example 4),

Break, shred and shape of the breads were analysed direcfly after coofing dt;wn
to room tempsrature by a qualified baker using the score in Table 7. After 16 hours
(overnight) storage in a closed box at room temperature the crumb quality was asess:ed
a qualified baker. The value for the breads (Table 8) was derived from 1 object.

(

;
\
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Table 7 .
Score
Effect
1 2 3 4 5
in and cris|
extremely weak a d control crust it rust too
n S| c i
Break and shred | weak and thin,
soft soft bread firm break of too hard
the cut
control
Crumb structure poor not uniform good excellent
: bread
control
height flat medium larger than (3) Much larger
bread than (3)
g .
s control completely completely
cut cut closed | cut closed opened;
- bread opened
: teared
Table 8. Baking performance of the lipolylic enzymes of the invention
o . parameter
lipolytic enzyme [oal
Break & Crumb
Dosage® volume Shape
(%) Shred structure
None 0 100 3 3 3
NBE028 0.75 3 4 4 4
NBEO30 3 _103 4 4 3
NBEOG31 25 - 95 4- 4 3
NBEO036 ND .88 3 3 3
NBEO038 30 100 4 4 3

————— el —
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14.

15.

16.
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A vector according to claim 9 whereln sald polynucleotide sequence according
to claims 1 to 8 is operatively linked with regulatory sequences suitable for
expression of sald polynucleotide sequence in a suitable host cell.

A vector according to claim 10 wherein said suitable host cell is a filamentous
fungus.

A method for manufacturing a polynucleotide according to claims 1 —~ 8 or a
vector according to claims 9 to 11 comprising the steps of culturing a host cell
transformed with sald polynucleotide or sald vector and Isolating said
polynucleotide or sald vector from sald host cell.

An Isolated lipolytic enzyme selected from the group consisting of SEQ ID NO:
3, 6, 9 12, 15, 18, 21, 24, 27, 30, 33, 36 and 39 or functional equivalents
thereof.

An isolated lipolytic enzyme according to claim 13 obtainable from Aspergilius
niger.

An isolated fipolylic enzyme obtainable by expressing a polynuclectide
according to claims 1 to 8 or a vector according to claims 9 to 11 in an
approptiate host cell, e.g. Aspergillus niger.

Recombinant lipolytic enzyme comprising a functional domain of any of the

17.

18.

lipolytic enzymes according to claims 13-15.

A method for manufacturing a lipolytic enzyme according to claims 13 to 16
comprising the steps of transforming a suitabla host cell with an isolated
polynucleotide aoco'rding fo claims 1 to 8 or a vector according to claims 9 to
11, culturing sald cell under conditions allowing expression of said
polynucleotide and optionally purifying the encoded polypeptide from said cell or
cutture medium. '

A recombinant host cefl comprising @ polynucleofide according to claims 1 to 8
or a vector according to claims 9 to 11.
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21.

24,
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A recombinant host cell expressing a lipolytic enzyme according to claims 13 to
16.

Purified antibodies reactive with a lipolytic enzyme according to claims 13 to 16.

Fusion protein comprising a lipolytic enzyme sequence according to claims 13 to
16.

A process for the production of dough comprising adding a lipolyhc enzyme
according to anyone of clalms 13-16.

A process for the production of a baked product from a dough as prepared by the

process of claim 22.

Use of a lipolytic enzyme accoi’ding to anyone of claims 13-16 for the preparation of
a dough and/or the baked product thereof.
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SEQUENCE LISTING

<110> DSM 1P Assets B.V.

<120> NOVEL LIPASES AND USES THEREOF
<130> 2107840

<160> 39

<170> PatentIn version‘a.l

<210> 1

<211> 3728

.<212> DNA

<213> Aspergillus niger

<400> 1

cgggcaatta cgatccgage gegetatcta cgtgcaccgg aagettgete cttgatttgt
tgtttcataa tacttatttg tgctctttag cccgactgca gtggtggctg catgttggge
aggtatttaa ctttgggcga taccaactac gcgtgcactt tgaagcatag cacggcgege
cggggatgeg tgtcgtctta tgactataat tgatgtggce gactgactge ttggtgttag
ggatcttgtg tttatcttgg ttttctgtac ttagaagaga gtgccagtgg catggtggtce
gatataacta gagcaatgcg tgtctccatc ctcatcctca tcggecatce cttatacect
gatggcgecg aagggtgaga atggcgatgg gcgagaataa tatactgtgt atagtctgtc
ctatcctect tgtgcactge aaagtcagtt gatcatcatc cccactcaat cgtccacteca
tgctctatat ccgagacaaa ccacaactta ttcaatttaa gcccgagtce ataatcatcc
acaaccacce cacagccagg gtacatccag ggtctctttc ccgecggaga aactaagcce
ttagctccte actaggacct cocgeegegt cttggctect catcaccaac tttccaccta
taaactgcat caaacatgct gcaaagccac gactgctget geatgcacce caacatcatc
cccgcataat acatccatcc ctgaagcaat caagettgac tctgttgttt cticggagat
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caataccatg gacgccccac gtccatgtca aaagtaagac tagctcagct cggegttaat
caattatgat tgcgagtctc aatccctgag tcatgtgttc tctgtgtcgg ageattagac
tgaattcagc tgctcgttge cactcctage tcectgataa aggtcctcac ttegtctegt
agctggetgg ctgcatattc tccggtgact aagttaacag aaccagcaac ttagtagcca
tggcgagege actectetgg cteteectge tgggtggeag caccctagee tcaactctag
acaccagtaa tacccctacc atcaagagag cagacgcagg aaacaacacc tecteaatee
caacagccac cctcaacaac accgtctica tcggeegtte cctgecegag ttegageagg
agttgttcct gggtatcaag tttgctgatg agcccgtgcg attcacceeg tcgacgttga
aaaccgtcta tegegecaat gacagegaca acggggtgta tcatgcttec acagcatcceg
gactgcagac ttcctcgggg accgtgctet acaacgccac agagtatggg tatgattgcec
ccgggtatgg atccgatgag acggagctgg cggaggaagy atatgcgegg ttcgatgaga

m

900 .
9%0 .
1020
1080
1140
1200
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1500
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actgtatgaa cctgaatata attcggccca agagagagaa agaggatgag ttgtigectg
tgatgatttg gatctttggt ggtggttggg tgcagggtge gactgcetgat ccgaggtagg
atactatagt tttgtgctgt gctgtgtggg gttgatgetg acgatgtgea aggtacaata
tgagctatat tgttcgccag ggtgegtiga atgataagec tgtcttgggt gtctegatca
attaccgtgt ggctgegttt ggattccttg actctgtcga ggttatggtg cgtttcttce
ttcaccgtca agtatatggg tttcagctga catgacatct gtaggaatcc ggcaacacga
acctaggact tcgtgatcag cgcgtegeca tgcattgggt caaacaaaac atcaaggegt
ttggtggtga cccggacaag atcaccatct ggggagaatc agegtgagat tataccctaa
tagcattcga tatacagcge ctgacatgge acagtggtge ctacagegte ggageccacc
tggtcaccaa cgacggtgac aacgagggtc tattcagagc cggtatgeac accactccec
aattctcgte tectcatctg ctaaccagea tagecatcat ggaatccgge aacgcagtcg
gaccccecta caacggcacg gactggtacc agccgatgta cgaccagatc gtgaacgcaa
ccaagtatgt cctcaccttc cccaaaagac aatactcaaa tgactagtat atatactaac
tacatgaaag ctgcaccacc tcaagcaaca cccttcaatg cctecgegaa gtecectict
caacgatcta caccgecgea gacatcggece tggaatggtt cgccaccatc gacggcacct
tcatcaaaga atatccccaa atcagcatta cggagggeeg cttcgecaag gtecccatece
tccatggcac caacaccgac gagggcegtga gtttcggtac gacgggegtg aacactgatg
ccgaagecgat ccageagttg atgggtgage cccccecece ceeccttece accaatcece
aagatatata tatagtacga gatactaagg tgaaatgaaa atgatagcat ccaaacgctg
ggtcctaaac gaaacccaag ccacgaccet cctatcgcac tatcccaaca tctcegeect
aggctgtcec tacggatggg gcaacacgac ctggcecgaag ctggggtatg aatataageg
ctacgagtcg atggcgggeg atctgtgeat ggttgetcecg aggaggtige tcagtcagaa
gatgaaggag tatgaggagc aagtgtttgc gtatcggtgg gatgtcgetg cgttgaatga
ttcgagtacg attggggtgg cgcatttige tgaggtaatg ccatccatee atccectatt
attggtttte cctgeggtat gatatttggt atgctaatga tgtgttactg cgtgcatgca
tagatcccgt tigttttcge caaccctgtg cageacatca ctecgttggg aagtgatcce
gcaagactgg agttgggtaa tctggecgeg aggatgtgga cggcttitgt gacggatttg
gatccgaatg ggcatggtgg tacgttccte ttctccatct tattagaatt gtgaaatgaa
gegtgtggtt ctaatgaggg tgacagtctc tggtatcccc cactggecga aatacaacct
cactgatccg agggactttg tgttcegact accgagggat ggaagttatg tggagaagga
tacttttagg acggggggga ttgattatat taatacaatt gtgcggtaag ttgctgctaa
gtagtactac tatatgtata taggagggtg tgggtgaaaa gtagatagta gtactatatc

"Taaggatggtt agatactata tactatttac tactactgta—atgttactat—eatcaagact——3480—— - --

agaagaaagt ctactgattg attacttcga ctgatcgatt gtattgatct agttagtata

. tcaaatcgac asagagccge cgtttttatt cattcatatt tcccgecact aagecagtat

actataccat agtagtatag ctggtttagt tgatgccgag cagctcaacc tcgctaattg

atatcagcat tccaatccat tttttcactg gcaaagaata ttagaagagg aaggaggagg
aggataac

<210> 2.

<211> 1749

<212> DNA

<213> Aspergillus niger
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<220>
<221> CDS
<222> (1)..(1749)

<400> 2 .
atg gcg age gea cte cte tgg cte tec ctg ctg ggt ggc age acc cta - 48
Met Ala Ser Ala Leu Leu Trp Leu Ser Leu Leu Gly Gly Ser Thr Leu
1 5 10 15
gcc tca act cta gac acc agt aat acc cct acc atc aag aga gca gac 96
Ala Ser Thr teu Asp Thr Ser Asn Thr Pro Thr Ile Lys Arg Ala Asp

20 25 30
gca gga aac aac acc tcc tca atc cca aca gec acc cte aac aac acc 144 (
Ala Gly Asn Asn Thr Ser Ser Ile Pro Thr Ala Thr Leu Asn Asn Thr

-35 40 45
gtc ttc atc ggc cgt tec ctg cce gag tte gag cag gag ttg ttc ctg 192
Val Phe Ile Gly Arg Ser Leu Pro Glu Phe Glu G1n Glu Leu Phe Leu
50 55 60
ggt atc aag ttt gct gat gag ccc gtg cga ttc acc ccg teg acg tig 240
Gly Ile Lys Phe Ala Asp Glu Pro Val Arg Phe Thr Pro Ser Thr Leu
65 . 70 75 80
aaa acc gtc tat cgc gec aat gac agc gac aac ggg gtg tat cat gct 288
Lys Thr Val Tyr Arg Ala Asn Asp Ser Asp Asn Gly Val Tyr His Ala
85 90 : 95

tcc aca gca tcc gga ctg cag act tcc tcg ggg acc gtg ctc tac aac 336
Ser Thr Ala Ser Gly Leu GIn Thr Ser Ser Gly Thr Val Leu Tyr Asn

100 105 ‘ 110
gcc aca gag tat ggg tat gat tgc ccc ggg tat gga tcc gat gag acg 384
Ala Thr Glu Tyr Gly Tyr Asp Cys Pro Gly Tyr Gly Ser Asp Glu Thr -

115 120 125 (
gag ctg gcg gag gaa gga tat gcg cgg ttc gat gag aac tgt atg aac 432
Glu Leu Ala Glu Glu Gly Tyr Ala Arg Phe Asp Glu Asn Cys Met Asn
ToI1300— ¢ T TS T T 140 e e
ctg aat ata att cgg ccc aag aga gag aaa gag gat gag ttg ttg cct 480
Leu Asn Ile Ile.Arg Pro Lys Arg Glu Lys Glu Asp Glu Leu Leu Pro
145 150 T 155 160
gtg atg att tgg atc ttt ggt ggt ggt tag gtg cag ggt geg act gct 528
Val Met Ile Trp Ile Phe Gly Gly Gly Trp Val GIn Gly Ala Thr Ala
165 _ 170 175

gat ccg agg tac aat atg agc tat att gtt cgc cag ggt gcg ttg aat 576
Asp Pro Arg Ty Asn Met Ser Tyr Ile Val Arg Gln Gly Ala Leu'Asn .

180 185 190
gat aag cct gtc ttg ggt gtc tog atc aat tac cgt gtg gct gcg ttt 624
Asp Lys Pro Val Leu Gly Val Ser Ile Asn Tyr Arg Val Ala Ala Phe




WO 2004/018660 PCT/EP2003/009145 -

21078W0.ST25.txt

195 200 ‘ 205
gga ttc ctt gac tct gtc gag gtt atg gaa tcc ggc aac acg aac cta 672
6ly Phe Leu Asp Ser Val Glu Val Met Glu Ser Gly Asn Thr Asn Leu
210 215 220 ‘
gga ctt cgt gat cag cgc gtc gcc atg cat tgg gtc asa caa aac atc 720
Gly Leu Arg Asp GIn Arg Val Ala Met His Trp Val Lys GIn Asn Ile
225 230 235 - 240
aag gcg ttt ggt ggt gac ccg gac aag atc acc atc tgg gga gaa tca 768
Lys Ala Phe Gly Gly Asp Pro Asp Lys Ile Thr Ile Trp &ly Glu Ser
245 250 255
gct ggt gce tac age gtc gga gec cac ctg gtc acc aac gac ggt gac 816
) Ala Gly Ala Tyr Ser Val Gly Ala His Leu Val Thr Asn Asp Gly Asp
) 260 265 270
aac gag ggt cta ttc aga gcc gec atc atg gaa tcc gge aac gea gtc 864
Asn Glu Gly Leu Phe Arg Ala Ala Ile Met Glu Ser Gly Asn Ala Val
275 280 285
gga ccc ccc tac aac ggc acg gac tgg tac cag ccg atg tac gac cag 912
Gly Pro Pro Tyr Asn Gly Thr Asp Trp Tyr Gin Pro Met Tyr Asp GIn
290 295 300
atc gtg aac gca acc aac tgc acc acc tca agc aac acc ctt caa tgc 960
Ile Val Asn Ala Thr Asn Cys Thr Thr Ser Ser Asn Thr Leu Gln Cys
305 : 310 315 320
ctc cge gaa gtc ccc ttc tca acg atc tac acc gec gca gac atc gge 1008
Leu Arg Glu Val Pro Phe Ser Thr Ile Tyr Thr Ala Ala Asp Ile Gly
325 330 335
ctg gaa tgg ttc gcc acc atc gac ggc acc ttc atc aaa gaa tat ccc 1056
Leu Glu Trp Phe Ala Thr Ile Asp Gly Thr Phe Ile Lys Glu Tyr Pro
340 345 350
caa atc agc att acg gag ggc cge ttc gcec aag gtc ccc atc ctc cat 1104
GIn ITe Ser Ile Thr Glu Gly Arg Phe Ala Lys Val Pro Ile Leu His
355 360 365
ggc acc aac acc gac gag ggc gtg agt ttc ggt acg acg ggc gtg aac 1152
—6ly"Thr Asn Thr Asp Glu-Gly Val-Ser—Phe Gly Thr-Thr6ty Val Asp-— -
370 375 380 .
act gat gcc gaa geg atc cag cag ttg atg gca tcc aaa cge tgg gte 1200
Thr Asp Ala Glu Ala Ile GIn GIn Leu Met Ala Ser Lys Arg Trp Val
385 390 395 400
cta aac gaa acc caa gcc acg acc ctc cta teg cac tat ccc aac atc 1248
Leu Asn Glu Thr Gln Ala Thr Thr Leu Leu Ser His Tyr Pro Ash Ile
405 410 415
tcée gee cta gge tgt ccc tac gga tgg ggc aac acg acc tgg ccg aag 1296
Ser Ala Leu Gly Cys Pro Tyr Gly Trp Gly Asn Thr Thr Trp Pro Lys
420 425 T, 430
ctg ggg tat gaa tat aag cgc tac gag tcg atg gcg ggc gat ctg tge 1344
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Leu Gly Tyr Glu Tyr Lys Arg Tyr Glu Ser Met Ala Gly Asp Leu Cys
' 435 440 445

atg gtt gct ccg agg agg ttg ctc agt cag aag atg aag gag tat gag
Met Val Ala Pro Arg Arg Leu Leu Ser GIn Lys Met Lys Glu Tyr Glu
450 455 460
gag caa gtg ttt gcg tat cgg tgg gat gtc gct gcg ttg aat gat tcg
Glu GIn Val Phe Ala Tyr Arg Trp Asp Val Ala Ala Leu Asn Asp Ser
465 - 470 475 480
agt acg att ggg gtg gcg cat ttt gct gag atc ccg tit gtt tic gee
Ser Thr Ile Gly Val Ala His Phe Ala Glu Ile Pro Phe Val Phe Ala
485 490 495
aac cct gtg cag aac atc act ccg ttg gga agt gat ccc gea aga ctg
Asn Pro Val 61n Asn Ile Thr Pro Leu Gly Ser Asp Pro-Ala Arg Leu
500 505 510
gag ttg ggt aat ctg gcc gcg agg atg tgg acg gct ttt gtg acg gat
Glu Leu Gly Asn Leu Ala Ala Arg Met Trp Thr Ala Phe Val Thr Asp
- b15 520 525
ttg gat ccg aat ggg cat ggt gtc tct ggt atc ccc cac tgg ceg aaa
Leu Asp Pro Asn Gly His Gly Val Ser Gly Ile Pro His Trp Pro Lys
530 535 540
tac aac ctc act gat ccg agg gac ttt gtg ttc cgg cta ceg agg gat
Tyr Asn Leu Thr Asp Pro Arg Asp Phe Val Phe Arg Leu Pro Arg Asp
545 550 555 560
gga agt tat gtg gag aag gat act ttt agg acg ggg ggg att gat tat
Gly Ser Tyr Val Glu Lys Asp Thr Phe Arg Thr Gly Gly Ile Asp Tyr
565 570 575

att aat aca att gtg-cgg taa

I1e Asn Thr Ile Val Arg

580 '

<210> 3

1392 -

1440

1488

1536

1584

1632

1680

1728

1749

<2‘1_1>‘ 582 . ) . .- N cmee s - - -

<212> PRT
<213> Aspergillus niger

<400> 3

Met Ala Ser Ala Leu Leu Trp Leu Ser Leu Leu Gly Gly Ser Thr Leu

1 5 10 15

Ala Ser Thr Leu Asp Thr Ser Asn Thr Pro Thr Ile Lys Arg Ala Asp -

20 .25 . 30
Ala Gly Asn Asn Thr Ser Ser Ile Pro Thr Ala Thr Leu Asn Asn Thr
35 40 45

Val Phe Ile Gly Arg Ser Leu Pro Glu Phe Glu 61n Glu Leu Phe Leu
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50 55 60
Gly Ile Lys Phe Ala Asp Glu Pro Val Arg Phe Thr Pro Ser Thr Leu
65 70 75 80
Lys Thr Val Tyr Arg Ala Asn Asp Ser Asp Asn Gly Val Tyr His Ala
85 90 95
Ser Thr Ala Ser Gly Leu Gln Thr Ser Ser Gly Thr Val Leu Tyr Asn
100 105 110
Ala Thr Glu Tyr Gly Tyr Asp Cys Pro Gly Tyr Gly Ser Asp Glu Thr
115 120 125
Glu Leu Ala Glu Glu Gly Tyr Ala Arg Phe Asp Glu Asn Cys Met Asn
130 1356 140
Leu Asn Ile Ile Arg Pro Lys Arg Glu Lys Glu Asp 6lu Leu Leu Pro
} 145 150 . 155 160
Val Met Ile Trp Ile Phe Gly Gly Gly Trp Val Gin Gly Ala Thr Ala
165 - 170 175
Asp Pro Arg Tyr Asn Met Ser Tyr Ile Val Arg GlIn Gly Ala Leu Asn
180 : 185 190
Asp Lys Pro Val Leu Gly Val Ser Ile Asn Tyr Arg Val Ala Ala Phe
195 200 205
Gly Phe Leu Asp Ser Val Glu Val Met Glu Ser Gly Asn Thr Asn Leu
210 215 220
Gly Leu Arg Asp 61n Arg Val Ala Met His Trp Val Lys Gin Asn Ile
225 230 235 240
Lys Ala Phe Gly Gly Asp Pro Asp Lys Ile Thr Ile Trp Gly Glu Ser
245 . 250 255
Ala 61y Ala Tyr Ser Val Gly Ala His Leu Val Thr Asn Asp Gly Asp
260 2656 - 270
Asn Glu Gly Leu Phe Arg Ala Ala I1e Met Glu Ser Gly Asn Ala Val
275 280 285
Gly Pro Pro Tyr Asn Gly Thr Asp Trp Tyr GIn Pro Met Tyr Asp GIn
290 295 300
Ile Val Asn Ala Thr Asn Cys Thr Thr Ser Ser Asn Thr Leu GIn Cys
305 ' 30— - -3t5—— - - 320 . e e
Leu Arg Glu Val Pro Phe Ser Thr Ile Tyr Thr Ala Ala Asp Ile Gly
325 330 335
Leu 6lu Trp Phe Ala Thr Ile Asp Gly Thr Phe Ile Lys Glu Tyr Pro
340 345 350
GIn Ile Ser Ile Thr Glu Gly Arg Phe Ala Lys Val Pro Ile lLeu His
355 360 365
Gly Thr Asn Thr Asp Glu Gly Val Ser Phe Gly Thr Thr Gly Val Asn
370 - T 375 : 380
Thr Asp Ala Glu Ala Ile 61n Gin Leu Met Ala Ser Lys Arg Trp Val
385 390. - 395 400
Leu Asn Glu Thr GIn Ala Thr Thr Leu Leu Ser His Tyr Pro Asn Ile
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405 410 415
Ser Ala Leu 61y Cys Pro Tyr Gly Trp Gly Asn Thr Thr Trp Pro Lys
420 425 430
Leu Gly Tyr Glu Tyr Lys Arg Tyr Glu Ser Met Ala Gly Asp Leu Cys
. 435 440 ) 445 o
Met Val Ala Pro Arg Arg Leu Leu Ser GIn Lys Met Lys Glu Tyr Glu
450 455 460
Glu 6In Val Phe Ala Tyr Arg Trp Asp Val Ala Ala Leu Asn Asp Ser
465 470 - 475 480
Ser Thr Ile Gly Val Ala His Phe Ala Glu Ile Pro Phe Val Phe Ala
485 490 495
Asn Pro Val G1n Asn Ile Thr Pro Leu Gly Ser Asp Pro Ala Arg Leu
500 505 510
GTu Leu Gly Asn Leu Ala Ala Arg Met Trp Thr Ala Phe Val Thr Asp
515 520 525
Leu Asp Pro Asn Gly His Gly Val Ser Gly Ile Pro His Trp Pro Lys
530 ' 535 540
Tyr Asn Leu Thr Asp Pro Arg Asp Phe Val Phe Arg Leu Pro Arg Asp
545 550 555 560
Gly Ser Tyr Val Glu Lys Asp Thr Phe Arg Thr Gly Gly Ile Asp Tyr
565 570 - 575
I7e Asn Thr Ile Val Arg
580

<210> 4

<211> 3853

<212> DNA

<213> Aspergillus niger

<400> 4
ctttectgtt geecggtett tgttgttgtc ataggataca attacccaga caacgttcgg

— T tttgtcyate agttttaagt “gtucgtggactgacagccaa—ggccactggg-geecectgect: -

ctatcattta attccacacg ctcgectctg cagetetgge accagegttg caaattcecag
gggtcagect acgtggcatt aggctctaag agaatctgag ggaaaggatt tcacttagaa
aaatttatcg gtceggettg tccgatcggt aggaaggeat tgcttcecct catatgegge
cceggttece aagcagetga ttcgggacgt tttecggett. gatcgetata ctctcataat
ctctectgea agagctggat aaacttggtt tcttatcttc cgtggagatg ccatagteca
gtagacgctg tctcgaaatt gagtagcacc actatttacg ggcaagttaa tggcacatgt
attagctttg tactgacggt tgaaatgtgg agcaatttcc ggctatgtac cggatctgtt
ccggatatct teatcgcaat tagttagtac ataasactce ctagtcacge aagaacggtt
cgaacataac gaattaaaaa ttctcattct ctggcaaggc ttcgaaatgt ttgtttectc
gcttgctcta ttagcactta ttgctecttt gatcgraatt gcggtasaaa tagaacagec
aggaataaat ccaaatccca cagctactgt acgaaatgge acctactatg gtctccataa

mm

60
120
180
240
300
360
420
480
540
600
660
720
780

;
\
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ccagcactat aatcaagacc tctttctcgg tattccatat gcacagcaac ctattggtga 840
ccttegettg cggaccccac gatcaatgaa cacctectgg ccagtaccaa gaaatgcaac 900
agaatattca cccgcatgtg ttggatttaa tcagacagag ggtgcttecg aagectgect 960

tactctcaat gtcgtecgee cggcaagecat cgetctttcet gaaagtcttc cegttgctgg 1020
tcagtatata ccccaaatct gatcagaagg gccagaactg actttgeget cggecccagt 1080
ctggattcat ggcgggggat tcacctecgg ctcttcatca gagaaacaat acaatctgte 1140
cttcatcgtt gatcagtcag tccaaatgga aaagcccgtt atcgcagtca gtctaaatta 1200
tcgtctticaa tgctggggtt ttatgtggag caaggagatg aaggaagecg gagtagggaa 1260
cctgggactt agagaccaac gattagctct gcattggata caagaaagta ggtatctcga 1320
tagtgaagct cttccaagta cggatctgac catgacttag acattgctgc gtttggtgga 1380
gaccctgcte aggttacaat ttggggtgaa agtgccggeg ctaatagtgt tggcacacat 1440
ctggttgctt acggagggcg cgatgatggt atattccgtg cagctatcag tgaaagtggt 1500
gccccaagtg titaccaacg ttatccaaca cctgctgaat ggcageecta ttatgatggt 1560
attgtgaatg catcaggctg cagttcagca acggatactt tggecttgtct ccgaacaatt 1620
ccaactaaca tattgcatgg catctttgac aacacgtcta tigtacccat gcacgetatt 1680
tcaggectca gcggagcaaa attcattect gtcatagatg acgacttcat taaagagagt - 1740
gccacggtic agctccagaa gggcaactic gtcaaagttc cctacttgat tggagctaac 1800
gccgacgaag ggactgcatt tgctgtggag ggagtcaaca cagatgctga gtttcgegag 1860
ctagtcaaag gttggggcet caacaacgct accacggata tcttggagge cctataccca 1920
gacattcctce agataggaat ccccgecata atggttggaa ggccaccgtc cggatatgga 1980
aatcaataca agcgtgtggc cgcatttcag ggtgatgtta acatccatge cgcacgtagg = 2040
ttgaccagtc agatctggtc atcccgeaat atctcagtat atagctacat gtttgacgtt 2100
atcagccctg gatatggeee ctctgectggt tcctatgetg ggactactca tggtactgat 2160 -
-attccgtacg tttictataa tctggatggc ctggggtatg actcgaacaa caagtccata 2220
gaaagcatac ctaacagtta ttcccgcatg agcaaaatta tgtcaagaat gtgggtcagt 2280 .
tttgtgacaa cattggaccc aaatcattct ggaggtatgg tcccacatcc cattcctatg 2340
attgcgcaat gtcagacccg agctgaatca actatcttcet taggaactaa tgttcagtag 2400
ccgccataca atatcgataa tccggagata atctttticg ataccgatgt cacgaaccte 2460
i acatatgtga gttctgacgt ttaccgtgcg gagggcataa aatacatcag tgatcacctt 2520 .
d gcaagtgatt tcgggcactg agatcacata tcttctcggt ctaattttag aatgactgtg 2580
gtctcatcta accagacttg gcecgeaggt ctttacgece actggtggta attgatgceaa 2640
cccccaaget atatagtgtc tggggetttg aactactgtc aatgagcgaa aattgactat 2700

—ttccctttat -gactcatgta—gtageatttg-tgctggeact-gtgatcaaga - tatgttttte-—p760—~————o

gagattaccg gtagcagagt agtcgatgtc gccaatatta ttcatctata atgaatagta 2820
ataacttagg agtcattcag tatagtcgat actgacataa gtatcttttc ttgtgatatt 2880
tataatatgt cccgtttgge cttgtttgta gtaactctca tagectgctg cttgagaact 2940
catctgttca atcatagaga taccaattat ggaaggatag gttggcatcg gtgtttgttt - 3000
catcaagact actacctaat aagtcactga agaaggctgt agactgaaag cgcgacattg 3060
atgattagaa ttccaacttt ggtcaacata tgcattagac tataaaaggg acatgttaga 3120
agaactaagt acatacgacc atagggtgtg gaaaacaggg cttcccgtcc getcageegt 3180
. acttaagcca cacgccggga ggttagtagt tgggtgggtg accaccageg aatcecttct 3240
gttgtatgtt tttgtttctc tataaaactt ttggtcgggc: atctcgagat gtcttecagg 3300
atgctaaaac cttcgggttc ctcacagegg agatggtgtc aactggcttt tttaatgeat 3360
tcttggcetaa agtgetcgtg aacacggcaa tatagtacga tgatatctga agtttgtggt 3420
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gtcaagacat atgcttattg tgaccaccag accataaatc ggagtattca cagcttatat 3480
catcctcaaa cattgattge atagtagagt gtctaactct tgactcaagg gattgaaaat 3540
gattatttga aaatataggt agttttgaat aacattctgg cacacgagct ttagctggat 3600
tagtaagatg tgacgcegat tttgggtttg attatgtcat catttggcag tteccecaga 3660
ggacagcccg gttaagaacg aaccttttct gageccgtat acaaatgegg ggaacagaga 3720
tgaggagatg ccgaagcatg ctttggcaaa cagaagccac tgtgaaaaac cattcacaga 3780
tatcttgtga tagttggatt gcactgactg tccgegaaag cgagcatatc tatcccgtat . 3840

actgagaact agt 3853
<210> 5
<211> 1743
<212> DNA
<213> Aspergillus niger
<220>
<221> CDS
<222> (1)..(1743)
<400> 5 -
atg ttt gtt tcc tcg ctt gct cta tta gea ctt att gct cct ttg atc 48
Met Phe Val Ser Ser Leu Ala Leu Leu Ala Leu Ile Ala Pro Leu Ile
1 5 10 - 15
gca att gcg gta aaa ata gaa cag cca gga ata aat cca aat ccc aca 96
Ala Ile Ala Val Lys Ile Glu GIn Pro Gly Ile Asn Pro Asn Pro Thr
20 25 30
gct act gta cga aat ggc acc tac tat ggt ctc cat aac cag cac tat 144
Ala Thr Val Arg Asn Gly Thr Tyr Tyr Gly Leu His Asn GIn His Tyr .
35 40 45
aat caa gac ctc ttt ctc ggt att cca tat gca cag caa cct att ggt 192
Asn 61n Asp Leu Phe Leu Gly Ile Pro Tyr Ala GlIn Gin Pro Ile Gly
50 55 60

wom oo - -ga€-€EE-cge—thg-cgg-ace-cea-cga-tea—atg-aac acc-tee-tgg-cca-gta——2
Asp Leu Arg Leu Arg Thr Pro Arg Ser Met Asn Thr Ser Trp Pro Val

65 70 75 80
cca aga aat gca aca gaa.tat.tca ccc gca tgt gtt gga ttt aat cag 288
Pro Arg Asn Ala Thr Glu Tyr Ser Pro Ala Cys Val Gly Phe Asn GIn
85 : %0 g5

aca gag ggt gct tcc gaa gec tge ctt act ctc aat gtc gic cge ceg 336
Thr Glu Gly Ala Ser Glu Ala Cys Leu Thr Leu Asn Val Val Arg Pro I

< 100 . 105 - 110 .
gca agc atc gct ctt tct gaa agt ctt ccc gtt gct gte tgg att cat as4

Ala Ser Ile Ala Leu Ser Glu Ser Leu Pro Val Ala Val Trp Ile His -
116 : 120 - 125 .. .

mn

—i e o m—"—
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ggc ggg gga ttc acc tec gge tet tea tea gag aaa caa tac aat ctg
Gly Gly Gly Phe Thr Ser Gly Ser Ser Ser Glu Lys GIn Tyr Asn Leu
130 135 140
tec ttc atc gtt gat cag tca gtc caa atg gaa aag ccc gtt atc gea
Ser Phe Ile Val Asp GIn Ser Val Gln Met Glu Lys Pro Val Ile Ala
145 150 - 165 160
gtc agt cta aat tat cgt ctt caa tgc tgg ggt ttt atg tgg age aag
Val Ser Leu Asn Tyr Arg Leu GIn Cys Trp Gly Phe Met Trp Ser Lys
165 170 175
gag atg aag gaa gcc gga gta ggg aac ctg gga ctt aga gac caa cga
Glu Met Lys Glu Ala Gly Val Gly Asn Leu G]y Leu Arg Asp Gln Arg
180 185 ‘ 190
tta gct ctg cat tgg ata caa gaa aac att gect geg ttt ggt gga gac
Leu Ala Leu His Trp Ile GIn Glu Asn Ile Ala Ala Phe Gly Gly Asp
195 200 205
cct gct cag gtt aca att tgg ggt gaa agt gcc ggc gct aat agt gtt
Pro Ala GIn Val Thr Ile Trp Gly Glu Ser Ala Gly Ala Asn Ser Val
210 5 220
ggc aca cat ctg gtt gct tac gga ggg cgc gat gat ggt ata ttc cgt
Gly Thr His Leu Val Ala Tyr Gly Gly Arg Asp Asp Gly Ile Phe Arg
225 230 235 240
gca gct atc agt gaa agt ggt gcc cca agt gtt tac caa cgt tat cca
Ala Ala Ile Ser Glu Ser Gly Ala Pro Ser Val Tyr Gin Arg Tyr Pro
245 250 255
aca cct gct gaa tgg cag ccc tat tat gat ggt att gtg aat gca tca
Thr Pro Ala Glu Trp GIn Pro Tyr Tyr Asp Gly Ile Val Asn Ala Ser
260 265 270
ggc tgc agt tca gca acg gat act ttg gct tgt ctc cga aca att cca
Gly Cys Ser Ser Ala Thr Asp Thr Leu Ala Cys Leu Arg Thr Ile Pro
275 280 285
act aac ata ttg cat ggc atc ttt gac aac acg tct att gta ccc atg

Thr Asn Ile Leu His Gly Ile Phe Asp Asn Thr Ser Ile Va] Pro Met.

432
480
528
576
624
672
720
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816
864

912
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cac gct att tca ggc ctc age gga gca aaa ttc att cct gtc ata gat
His Ala Ile Ser Gly Leu Ser Gly Ala Lys Phe Ile Pro Val Ile Asp
305 310 315 320
gac gac ttc att aaa gag agt gcc acg gtt cag ctc cag aag ggc aac
Asp Asp Phe Ile Lys Glu Ser Ala-Thr Val GIn Leu GIn Lys Gly Asn

325 330 335.
ttc gtc aaa gtt ccc tac ttg att gga get "aac gec gac gaa ggg act
Phe Val Lys Val Pro Tyr Leu Ile Gly Ala Asn Ala Asp Glu Gly Thr
340 345 350

gca ttt gct gtg gag gga gtc aac aca gat gct gag ttt cge gag cta
Ala Phe Ala Val 6lu Gly Val Asn Thr Asp Ala Glu Phe Arg Glu Leu
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355 360 365
gtc aaa ggt tgg ggc ctc aac aac gect acc acg gat atc ttg gag gcc
Val Lys Gly Trp Gly Leu Asn Asn Ala Thr Thr Asp 1le Leu Glu Ala
370 375 380 .
cta tac cca gac att.cct cag ata gga atc ccc gec ata atg gtt gga
Leu Tyr Pro Asp Ile Pro Gln Ile Gly Ile Pro Ala Ile Met Val Gly
385 390 395 400
agg cca ccg tee gga tat gga aat caa tac aag cgt gtg gce gea tit
Arg Pro Pro Ser Gly Tyr Gly Asn Gln Tyr Lys Arg Val Ala Ala Phe
405 410 415
cag ggt gat gtt aac atc cat gce gea cgt agg ttg acc agt cag atc
GIn Gly Asp Val Asn Ile His Ala Ala Arg Arg Leu Thr Ser GIn Ile
420 425 430
tgg tca tec cge aat atc tca gta tat agc tac atg ttt gac gtt atc
Trp Ser Ser Arg Asn Ile Ser Val Tyr Ser Tyr Met Phe Asp Val Ile
435 440 445
agc cct gga tat ggc ccc tct get ggt tee tat gct ggg gct act cat
Ser Pro Gly Tyr Gly Pro Ser Ala Gly Ser Tyr Ala Gly Ala Thr His
450 455 460
ggt act gat att ccg tac gtt ttc tat aat ctg gat ggc ctg ggg tat
Gly Thr Asp Ile Pro Tyr Val Phe Tyr Asn Leu Asp Gly Leu Gly Tyr
465 470 475 480
gac tcg aac aac aag tcc ata gaa agc ata cct aac agt tat tcc cge
Asp Ser Asn Asn Lys Ser Ile Glu Ser Ile Pro Asn Ser Tyr Ser Arg
485 490 495
atg agc aaa att atg tca aga atg tgg gtc agt ttt gtg aca aca ttg
Met Ser Lys Ile Met Ser Arg Met Trp Val Ser Phe Val Thr Thr Leu
500 505 510
gac cca aat cat tct gga ggt atg gtc cca cat ccc att cct atg att
Asp Pro Asn His Ser Gly Gly Met Val Pro His Pro Ile Pro Met Ile
515 520 525
gcg caa tgt cag acc cga gct gaa tca act atc ttc tta gga act aat

a-GIn-Cys-Gin- Thr -Arg-Ata-Ghu-Ser—Fhr-Tte-Phe-teu Gly—Fhr-Asn—

530 535 540
gtt cag tgg ccg cca tac aat atc gat aat ccg gag ata atc ttt ttc
Yal GIn Trp Pro Pro Tyr Asn Ile Asp Asn Pro 6lu Ile Ile Phe Phe -
545 _ 550 555 . " 560
gat acc gat gtc acg aac ctc aca tat act tgg ccc gca ggt ctt tac
Asp Thr Asp Val Thr Asn Leu Thr Tyr Thr Trp Pro Ala Gly Leu Tyr
o 565 570 . - 575

gce cac tgg tgg taa )
Ala His Trp Trp
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<210> 6

<211> 580

<212> PRT

<213> Aspergillus niger

<400> 6
Met Phe Val Ser Ser Leu Ala Leu Leu Ala Leu Ile Ala Pro.Leu Ile
1 5 10 15
Ala Ile Ala Val Lys Ile Glu 61In Pro Gly Ile Asn Pro Asn Pro Thr
20 25 30
Ala Thr Val Arg Asn Gly Thr Tyr Tyr 61y Leu His Asn GIn His Tyr
35 40 45
Asn GIn Asp Leu Phe Leu Gly Ile Pro Tyr Ala GIn GIn Pro Ile Gly
50 55 60
Asp Leu Arg Leu Arg Thr Pro Arg Ser Met Asn Thr Ser Trp Pro Val
65 70 : 75 80
Pro Arg Asn Ala Thr Glu Tyr Ser Pro Ala Cys Val Gly Phe Asn GIn
85 90 .95
Thr 61u Gly Ala Ser 61u Ala Cys Leu Thr Leu Asn Val Val Arg Pro
100 105 110
Ala Ser Ile Ala Leu Ser Glu Ser Leu Pro Val Ala Val Trp Ile His
115 120 125
Gly Gly Gly Phe Thr Ser Gly Ser Ser Ser Glu Lys GlIn Tyr Asn Leu
130 ) 135 140
Ser Phe Ile Val Asp GIn Ser Val Gln Met Glu Lys Pro Val Ile Ala
145 150 _ 155 160
Val Ser Leu Asn Tyr Arg Leu GIn Cys Trp Gly Phe Met Trp Ser Lys
‘ 165 170 175
Glu Met Lys Glu Ala Gly Val Gly Asn Leu Gly Leu Arg Asp GlIn Arg
180 185 190
Leu Ala Leu His Trp Ile 61n G1u Asn Ile Ala Ala Phe Gly Gly Asp

- - 1G5 200~ — 285 e

Pro Ala GIn Val Thr Ile Trp Gly Glu Ser Ala Gly Ala Asn Ser Val
20 215 220

Gly Thr His Leu Val Ala Tyr Gly Gly Arg Asp Asp Gly Ile Phe Arg

225 230 - 235 240

Ala Ala Ile Ser Glu Ser Gly Ala Pro Ser Val Tyr GIn Arg Tyr Pro

245 250 255

Thr Pro Ala Glu Trp 6In Pro Tyr Tyr Asp Gly Ile Val Asn Ala Ser
' 260 : 265 . ' 270

Gly Cys Ser Ser Ala Thr Asp Thr Leu Ala Cys Leu Arg Thr Ile Pro
275 280 285 .

Thr-Asn Ile Leu His Gly Ile Phe Asp Asn Thr Ser Ile Val Pro Met

127
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- gcgggatgtt tcaattcatc tatcccattc agaatctggg ggtagectat acacaccatc
atcagagtag tatatacatc atatccacaa atccatctcc acctatatac ataaacccca
actgaatcta caacagcgee tggtccttct tceecteece ctetttaatt tecctegeet -

tctccccat

<210> 8

<211> 1623

<212> DNA

<213> Aspergillus niger

220>
<221> CDS
222> (1)..(1623)

~ <400> 8
atg gtg cag ggt gtg gct ttt gga ctg ctc ggg ctg gct gee tet get
Met Val Gln Gly Val Ala Phe Gly Leu Leu Gly Leu Ala Ala Ser Ala
1 5 10 15
ttg ggc act tat geg ccc tac tac gcg aat ttg aca tgg gag caa cca
Leu Gly Thr Tyr Ala Pro Tyr Tyr Ala Asn Leu Thr Trp Glu GIn Pro
20 25 30
cgg act ctg tcc aac tgg tcc aac ctt acc gtc gag aca cgg aca ggg
Arg Thr Leu Ser Asn Trp Ser Asn Leu Thr Val Glu Thr Arg-Thr Gly
35 40 ' 45
acg ttc att ggt atg ctc aat gac act tac cca gac gtt cga cag ttt
Thr Phe Ile Gly Met Leu Asn Asp Thr Tyr Pro Asp Val Arg Glin Phe
50 55 60
ctg cga gtt cct tat gcc aag cct cct att ggg gat tta aga tgg ctt
Leu Arg Val Pro Tyr Ala Lys Pro Pro Ile Gly Asp Leu Arg Trp Leu
65 70 75 80
cct cct cat cgg ctt gac aac tca agc aga aca tat gac tcc acc ttc

2640
2700
2760
2769

9

144

192

240

85 90 95
tat ggc cca gee tgt ccg cag tat gtt cca gca gag age gat ttt tgg
Tyr Gly Pro Ala Cys Pro GIn Tyr Val Pro Ala Glu Ser Asp Phe Trp
100 105 - 110 .
aat gaa tat gaa ccg gag aat ttg ctg ctc aat gtc ggc gaa agg ctc
Asn Glu Tyr Glu Pro Glu Asn Leu Leu Leu Asn Val Gly Glu Arg Leu
115 " 120 125
aac cag ggc tct acg gca tgg tce teg tca gag gat tge ctg tec cta
Asn GIn Gly Ser Thr Ala Trp Ser Ser Ser Glu Asp Cys Leu Ser Leu
130 135 140

gcg gta tgg act cca tcg tat gct aat gag aca tce aag ctg cca gtt‘

1smn

336

384

432

480




WO 2004/018669 PCT/EP2003/009145

21078W0.ST25.txt
Ala Val Trp Thr Pro Ser Tyr Ala Asn Glu Thr Ser Lys Leu Pro Val
145 150 155 160
gcg ctg ttt gtc acg gga ggt ogt gge atc aca ggg ggt atc aac att
Ala Leu Phe Val Thr Gly Gly Gly Gly Ile Thr 61y Gly Ile Asn Ile
165 170 175

"ccg teo cag ctg cee tct get tgg gta tet cge tet cag gag cat atc

Pro Ser GIn Leu Pro Ser Ala Trp Val Ser Arg Ser GIn Glu His Ile
180 185 . 190
gtt gtt acc atc aat tac cgc gtc aat att ttt ggc aat ccc aaa tcg
Val Val Thr Ile Asn Tyr Arg Val Asn Ile Phe Gly Asn Pro Lys Ser
195 200 - 205
cgt gcg ttg aat gat acg tcg ctt acg ctg atg gac gtg cgc get get
Arg Ala Leu Asn Asp Thr Ser Leu Thr Leu Met Asp Val Arg Ala Ala
210 215 220
gtg gag tgg gta tat gag aac att gaa gcg ttc ggt ggt aat ccc gaa
val Glu Trp Val Tyr Glu Asn Ile Glu Ala Phe Gly Gly Asn Pro Glu
225 230 235 240
aat att atg gtc aga cta caa gtt tcc tct cac atg act aga gct aac
Asn Ile Met Val Arg Leu GIn Val Ser Ser His Met Thr Arg Ala Asn
245 250 255
agt aag cag cta tgg gga cag tca caa ggt gct ttg ctg acg cat ctg

Ser Lys GIn Leu Trp Gly Gin Ser GIn Gly Ala lLeu Leu Thr His Leu

260 265 270
tac acc ctc gea tgg cca gaa gag cct ctt gec gee aag ttc gge gtc
Tyr Thr Leu Ala Trp Pro Glu 6lu Pro Leu Ala Ala Lys Phe Gly Val
275 : 280 285

atc tcc caa gga gea tet gec aca cte aac ctc tct acc acg ccc gat
Ile Ser Gln Gly Ala Ser Ala Thr Leu Asn Leu Ser Thr Thr Pro Asp

290 295 300 '
gtg tac caa gac ttt gac atc gtg gcc aag gga cta ggc tgc aat tat
Val Tyr GIn Asp Phe Asp Ile Val Ala Lys Gly Leu Gly Cys Asn Tyr
305 310 315 320

Gly Asp Asp Ala Glu Ala &lu Leu Glu Cys Met Arg Gly Ile Ser Trp
325 330 335
gtg cag atc gag gag tat atc aac cgc tac aat agc tct cct tct att
val GIn Ile Glu 6lu Tyr Ile Asn Arg Tyr Asn Ser Ser Pro Ser Ile
340 345 - 350
get ttc acg aac tat att ccc gat gag aaa tac atc ttc tcc gac gaa
Ala Phe Thr Asn Tyr Ile Pro Asp Glu Lys Tyr Ite Phe Ser Asp Glu
. 355 " 360 . 365
aga cag cgt tac ctt gag cgg aag gtt gcc cga ggc ccg tea att cga
Arg GIn Arg Tyr Leu Glu Arg Lys Val Ala Arg Gly Pro Ser Ile Arg
370 : 375 380

16/711

528

576

624

672

720
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tct gac
Ser Asp
385

att gaa
Ile Glu

cgt gcg
Arg Ala

tte tece
Phe Ser

gac ctg
Asp Leu
450
tcg cag
Ser GIn
465
gce ttt
Ala Phe

tta tat

‘Leu Tyr

aac ggc
Asn Gly

tgt ttc

Cys Phe
530

<23.0>-9-

_ 2107840.5725.txt
acg gcg cga gaa ttc cct agc aca aac acg acc tca gta aat
Thr Ala Arg Glu Phe Pro Ser Thr Asn Thr Thr Ser Val Asn
390 395 400

gaa ggc gaa tca gac tgt ctg gca gtg act gac ctt gcg cta

Glu Gly 6Tu Ser Asp Cys Leu Ala Val Thr Asp Leu Ala Leu’

405 - 410 415
tcc att ggg ctc gag acc tat cgc tac tac tgg gct ggc aac
Ser Ile Gly Leu Glu Thr Tyr Arg Tyr Tyr Trp Ala Gly Asn

420 425 430

aat atc agt ccc gta ccg tgg cta gga gca tic cac tgg acc

Asn 1le Ser Pro Val Pro Trp Leu Gly Ala Phe His Trp Thr

435 440 445

ctg atg atc ttc ggt acg tat aat ctg gac gtc ggc-gag atc

Leu Met Ile Phe Gly Thr Tyr Asn Leu Asp Val Gly Glu Ile

455 460

ttg gaa gtc gac acc tct gec acg atg caa gat tat cta cte

Leu Glu Val Asp Thr Ser Ala Thr Met GIn Asp Tyr Leu Leu
470 475 480

ctg aag gac tca tca acc gtc agc gag acg gtc gga tgg ccg

Leu Lys Asp Ser Ser Thr Val Ser Glu Thr Val Gly Trp Pro

485 490 495
ctg ggc aac gag acc aac gga gga ctc atc ctg gag ttc ggt
Leu Gly Asn Glu Thr Asn Gly Gly Leu Ile Leu Glu Phe Gly

500 505 510
aca gca gtg cgg acc atc aca ggt gac tgg ctc gac gcg gga
Thr Ala Val Arg Thr Ile Thr Gly Asp Trp Leu Asp Ala Gly
515 520 525 :
aat tca tct atc cca ttc aga atc tgg ggg tag
Asn Ser Ser Ile Pro Phe Arg Ile Trp Gly
535 540

<211> 540
<212> PRT
<213> Aspergillus niger

<400> 9
Met Val
1

Leu Gly.

Arg Thr

G]n'(ﬂy Val Ala Phe 61y Leu Leu Gly Leu Ala Ala Ser Ala

5 10 15
Thr Tyr Ala Pro Tyr Tyr Ala Asn Leu Thr Trp Glu GIn Pro
20 25 30
Leu Ser Asn Trp Ser Asn Leu Thr Val 61u Thr Arg Thr Gly
3 40 . . 45

17

PCT/EP2003/009145

1200

1248

1296
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1392

1449
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Thr Phe Tle Gly Met Leu Asn Asp Thr Tyr Pro Asp Val Arg GIn Phe
50 55 60
Leu Arg Val Pro Tyr Ala Lys Pro Pro Ile Gly Asp Leu Arg Trp Leu
65 70 75 80
Pro Pro His Arg Leu Asp Asn Ser Ser Arg Thr Tyr Asp Ser Thr Phe
85 9 9
Tyr Gly Pro Ala Cys Pro G1n Tyr Val Pro Ala Glu Ser Asp Phe Trp
100 1056 110
Asn Glu Tyr Glu Pro Glu Asn Leu Leu Leu Asn Val Gly Glu Arg Leu
115 120 125
Asn GIn Gly Ser Thr Ala Trp Ser Ser Ser Glu Asp Cys Leu Ser Leu
130 135 140
Ala Val Trp Thr Pro Ser Tyr Ala Asn Glu Thr Ser Lys Leu Pro Val
145 150 155 160
Ala-Leu Phe Val Thr Gly Gly Gly Gly Ile Thr Gly Gly Ile Asn Ile
165 170 175
Pro Ser GIn Leu Pro Ser Ala Trp Val Ser Arg Ser GIn Glu His Ile
180 185 190
Val Val Thr Ile Asn Tyr Arg Val Asn ITe Phe Gly Asn Pro lys Ser
195 200 205
Arg Ala Leu Asn Asp Thr Ser Leu Thr Leu Met Asp Val Arg Ala Ala
210 215 ' 220
Val Glu Trp Val Tyr Glu Asn Ile Glu Ala Phe Gly Gly Asn Pro Glu
225 230 235 240
Asn Ile Met Val Arg Leu GIn Val Ser Ser His Met Thr Arg Ala Asn
245 250 255
Ser Lys GIn Leu Trp Gly GIn Ser GIn 61y Ala Leu Leu Thr His Leu
260 265 270
Tyr Thr Leu Ala Trp Pro Glu Glu Pro Leu Ala Ala Lys Phe Gly.Val
275 280 285
Ile Ser Gin Gly Ala Ser Ala Thr Leu Asn Leu Ser Thr Thr Pro Asp
290 295 300

--——Vat-Tyr-Gin-Asp-Phe Asp—l]e—\fa%—k}rtys—my—l:eu—ﬁ%y-eysﬂsn Fyp— —=

305 310 315 320
Gly Asp Asp Ala Glu Ala Glu Leu Glu Cys Met Arg Gly Ile Ser Trp
325 - 330 335
Val 61n Ile Glu 6lu Tyr Ile Asn Arg Tyr Asn Ser Ser Pro Ser Ile
340 345 350
Ala Phe Thr Asn Tyr Ile Pro Asp Glu Lys Tyr Ile Phe Ser Asp Glu
355 360 365 -
Arg GIn Arg Tyr Leu Glu Arg Lys Val Ala Arg Gly Pro Ser Ile Arg
370 375 380
Ser Asp .Thr Ala Arg Glu Phe Pro Ser Thr Asn Thr Thr Ser Val- Asn
385 390 ) 395 400

. 18m
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I1e Glu Glu Gly Glu Ser Asp Cys Leu Ala Val Thr Asp Leu Ala Leu
405 - 410 415

' Arg Ala Ser Ile Gly Leu Glu Thr Tyr Arg Tyr Tyr Trp Ala Gly Asn

T T cddtgytegaygtteettte ceegeayagy cagecattet- geageetttg-aactgegggg——426

420 425 - 430 .
Phe Ser Asn Ile Ser Pro Val Pro Trp Leu Gly Ala Phe His Trp Thr
435 40 445
Asp Leu Leu Met Ile Phe Gly Thr Tyr Asn Leu Asp Val Gly Glu Ile
450 455 460 ‘
Ser GIn Leu Glu Val Asp Thr Ser Ala Thr Met Gin Asp Tyr Leu Leu
465 . 470 475 . 480
Ala Phe Leu Lys Asp Ser Ser Thr Val Ser Glu Thr Val Gly Trp Pro
485 490 495
Leu Tyr Leu Gly Asn Glu Thr Asn Gly Gly Leu 17e Leu Glu Phe Gly
500 - bDb 510
Asn Gly Thr Ala Val Arg Thr Ile Thr 6ly Asp Trp Leu Asp Ala Gly
515 520 525
Cys Phe Asn Ser Ser Ile Pro Phe Arg Ile Trp Gly
530 535 540

<210> 10

<211> 3236

<212> DNA

<213> Aspergillus niger

<400> 10

gttttcaatt tggactgaat tttggcggéa tttcttgtat aaaattaaéa ggggcgttga -

ctggattttg gtacttggga tttattctta gctttgactg tacatagttt gggegtggtt
tgatagecga cgatcggeeg acccacgaac cagatttgca tatgattaca ttocttcaat
tttggtccga gteccaacee gectttcaac cccaacaact acaagcacgt tgtgtttgct
acattgactc actcgatatt gctgaaccat gcaggccgee caactgagit attacaccaa
gcatgcgaat cggaaagtic gacaaagcgg gtgaaatgtc cgagttggeg aaccaaagcg

gaaacggcat ttgatcaact cggcactgat gcagtgacca acaggatgtt agcaatgttg
gcctaatata ttcttactga tctgctgata cgtecctcce ttgeatcage cteggtttge
gcatgagaac gggttcgaac gttcctggge cacecggttg gegtgatatt ctecgeccac
gctgtetgte cccctgatgg gaaaccttcg gatcagegat catcaggeca gttggetatg

agaatagggg ctttgctgtc ttgatgecta aaatgcaggt ctcatagcaa gatccacage

cgaggaggca catggcgatg tcgaaaccca tgggagetga tttttegatt ctogoatcegt
gctccaagac atagaaggat attgagcact tgaaacgaag gggtgaaaaa tggaactgta
tatagagtta ctcccageee gatcegagag cctatgacce atagcggtac agatcatgge
catcatgaag gocctecttt ggetctecct tteectcgee gtetgggega ctecagttca
acgggatgca gctectactg tcactattge gcatccatcg gecaccgtea ttggaaaatc
tggcaatgtc gagagcttca acaatattcc ctttgcgcag gcccccacag getcgetgeg

mm

60
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(

480
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600
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780
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tctgaageee ccacaaccet tggaaactge ccteggeact gttcaggeca caggagecte 1140
gcaategtgt ccgcagatgt acttcaccac ggatgagagc gaattcccga catcggteat 1200
tggectecte getgatctee ctttggtaca gteggetace aatgetcteg aggattgect 1260
gaacattgac attcggegtc cggecgggac caccgeggac -tegaagetge ctgtgetggt 1320
ctggatcttt ggcggaggct ttgaacttgg ttcaaaggeg atgtatgatg gtacaacgat 1380
ggtatcatcg tcgatagaca agaacatgec tatcgtgttt gtagcaatga attatcgegt 1440
goggaggtttc gggttcttge ccggasagga gatcctggag gacgggtecg cgaacctagg 1500
gctectggac caacgecttg ccctgcagtg ggttgecgac aacatcgagg cctttggtgg 1560
agacccggac aaggtgacga tttggggaga atcagcagga gecatticeg tttttgatca 1620
gatgatcttg tacgacggaa acatcactta caaggataag cccttgticc ggggggecat 1680
catggactcc ggtagtgttg ttcccgeaga cccegtcgat ggggtcaagg gacagcaagt 1740
atatgatgcg gtagtggaat ctgcaggctg ttectcttcet aacgacacce tagcttgtct 1800
"y gegtgaacta gactacaceg acttcctcaa tgeggcaaac teegtgecag gcattttaag 1860
' ctaccattct gtggegttat catatgtgce tcgaccggac gggacggegt tgtcggeate 1920
accggacgtt ttgggcaaag cagggaaata tgctcgggtc ccgttcatcg tgggegacca 1980
agaggatgag gggaccttat tcgecttgtt tcagtccaac attacgacga tcgacgaggt 2040
ggtcgactac ctggectcat acttcttcta tgacgetage cgagagcage ttgaagaact 2100
agtggcectg tacccagaca ccaccacgta cgggtcteeg ttcaggacag gcgeggecaa 2160
caactggtat ccgcaattta agcgattggc cgecattctc ggcgacttgg tettcaccat 2220
tacccggegg geattectet cgtatgcaga ggaaatctcc cctgatcttc cgaactggte 2280
gtacctggeg acctatgact atggcaccce agttctgggg accttccacg gaagtgacct -~ 2340
gctgcaggty ttctatggga tcaagccaaa ctatgcaget agttetagec acacgtacta 2400
tctgagettt gtgtatacge tggatccgaa ctccaaccgg ggggagtaca ttgagtggec 2460
gcagtggaag gaatcgcgge agttgatgaa tttcggageg aacgacgeca gtctecttac 2520
ggatgatttc cgcaacggga catatgagtt catcctgcag aataccgegg cgttccacat 2580
ctgatgccat tggcggaggg gtccggacgg tcaggaactt agecttatga gatgaatgat 2640
ggacgtgtct ggccteggaa aaggatatat ggggatcatg atagtactag ccatattaat 2700
' gaagggcata taccacgegt tggacctgeg ttatagettc ccgttagtta tagtaccatc . 2760
Ty gttataccag ccaatcaagt caccacgcac gaccggggac ggcgaatece cgggaattga 2820
: aagaaattgc atcccaggec agtgaggcca gegattggece acctctccaa ggcacaggge 2880
cattctgcag cgctggtaga ttcatcgcaa tttceccegg cceggecega caccgetata 2940
ggctagttct cccacaccat cggagatteg tcgectaatg tetcgteegt tcacaagetg 3000

-- -———aggagcttga—agtggcgaga-tgtctctgca-ggaattcaag ctagatgctaagcgatattg——3060——— -~ ~— -
catggcaata tgtgttgatg catgtgcttc ttecttcage ttccectegt geagatgagg 3120
- tttggctata aattgaagtg gttggtcggg gttccgtgag gggctgaagt gettcctece 3180
ttttagacgc aactgagagc ctgagcttca tccccageat cattacacct cagea - 3235

<210> 11

<211> 1689

<212> DNA

<213> Aspergillus niger

<220>

20111
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" 2107840.ST25.txt
<221> CDS
222> (1)..(1689)

<400> 11

atg gcc atc atg aag gcc ctc ctt tgg cte tec ctt tee cté gee gte
Met Ala Ile Met Lys Ala Leu Leu Trp Leu Ser Leu Ser Leu Ala Val
1 5 10 15

tgg gog act cca gtt caa cgg gat gca gect cct act gtc act att geg
Trp Ala Thr Pro Val GIn Arg Asp Ala Ala Pro Thr Val Thr Ile Ala

20 25 30
cat cca tcg gee acc gtc att gga aaa tct ggc aat gtc gag age ttc
His Pro Ser Ala Thr Val Ile Gly Lys Ser Gly Asn Val Glu Ser Phe
35 40 45
aac aat att ccc ttt gcg cag gcc ccc aca ggc tcg ctg cgt ctg aag
Asn Asn 1le Pro Phe Ala Gln Ala Pro Thr Gly Ser Leu Arg Leu Lys
50 55 60 ‘
cce cca caa cec ttg gaa act gcc cte ggc act gtt cag gee aca gga
Pro Pro Gln Pro Leu Glu Thr Ala Leu Gly Thr Val GIn Ala Thr Gly
65 70 75 80
gce teg caa teg tgt ccg cag atg tac tte acc acg gat gag agc gaa
Ala Ser GlIn Ser Cys Pro GIn Met Tyr Phe Thr Thr Asp Glu Ser Glu
85 90 95
ttc ccg aca teg gtec att ggc cte cte get gat cte cet ttg gta cag
Phe Pro Thr Ser Val Ile Gly Leu Leu Ala Asp Leu Pro ieu Val GIn
100 105 110 4
tcg get acc aat get ctc gag gat tgec ctg aac att gac att cgg cgt
Ser Ala Thr Asn Ala Leu Glu Asp Cys Leu Asn Ile Asp Ile Arg Arg
115 120 125

CCcg gcc ggg acc acc gcg gac tcg aag ctg cct gtg ctg gtc tgg atc
Pro Ala Gly Thr Thr Ala Asp Ser Lys Leu Pro Val Leu Val Trp Ile
‘ 130 135 . 140 -

ttt ggc gga ggc ttt gaa ctt ggt tca aag gcg atg tat gat ggt aca

«s———Phe-Gly—Gly-Gly-Phe -Glu-teu Gly-Ser-Lys-AtaMet—Tyr-Asp-Gly Fhr -

145 150 155 160
acg atg gta tca tcg tcg ata gac aag aac atg cct atc gtg ttt gta
Thr Met Val Ser Ser Ser Ile Asp Lys Asn Met Pro Ile Val Phe Val
165 170 175
gca atg aat tat cgc gtg gga ggt ttc ggg ttc ttg ccc gga aag gag
Ala Met Asn Tyr Arg Val Gly Gly Phe Gly Phe Leu Pro Gly Lys Glu
180 . 185 190
atc ctg gag gac ggg tcc gecg aac cta ggg: ctc ctg gac caa cgc ctt
Ile Leu Glu Asp Gly Ser Ala Asn Leu Gly Leu Leu Asp Gln Arg Leu
195 200 205

gce ctg cag tgg gtt gec gac aac atc gag gec ttt gat gga gac ccg

am

96

144
192
240
288
336
384
432
o
528

576

624 -

672

B L W S
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Ala Leu 61n Trp Val Ala Asp Asn Ile Glu Ala Phe Gly Gly Asp Pro
210 215 220
gac aag gtg acg att tgg gga gaa tca gca gga gec att tec gtt ttt
Asp Lys Val Thr Ile Trp Gly Glu Ser Ala Gly Ala Ile Ser Val Phe
225 230 - 235 240
gat cag atg atc ttg tac gac gga aac atc act tac aag gat aag ccc
Asp GIn Met Ile Leu Tyr Asp Gly Asn Ile Thr Tyr Lys Asp Lys Pro
245 250 255
ttg ttc cgg ggg gee atc atg gac tcc ggt agt gtt gtt ccc gea gac
Leu Phe Arg Gly Ala Ile Met Asp Ser Gly Ser Val Val Pro Ala Asp
' 260 265 270
ccc gtc gat ggg gtc aag gga cag caa gta tat gat gcg gta gtg gaa
Pro Val Asp Gly Val Lys Gly G1n GIn Val Tyr Asp Ala Val Val Glu
275 280 . 285
tct gca ggc tgt tec tet tct aac gac acc cta gct tgt ctg cgt gaa
Ser Ala 61y Cys Ser Ser Ser Asn Asp Thr Leu Ala Cys Leu Arg Glu
290 295 300
cta gac tac acc gac ttc ctc aat gcg gca aac tcc gtg cca ggc att
Leu Asp Tyr Thr Asp Phe Leu Asn Ala Ala Asn Ser Val Pro Ely Ile
305 310 315 320
tta agc tac cat tct gtg gcg tta tca tat gtg cct cga ccg gac ggg
Leu Ser Tyr His Ser Val Ala Leu Ser Tyr Val Pro Arg Pro Asp Gly
325 330 335
acg gcg ttg tcg gea teca ccg gac gtt ttg ggc aaa gca ggg aaa tat
Thr Ala Leu Ser Ala Ser Pro Asp Val Leu Gly Lys Ala Gly Lys Tyr
340 - 345 350
gct cgg gtc ccg ttc atc gtg ggc gac caa gag gat gag ggg acc tta
Ala Arg Val Pro Phe Ile Val Gly Asp GIn Glu Asp Glu Gly Thr Leu
355 360 365
ttc gce ttg ttt cag tec aac att acg acg atc gac gag gtg gtc gac
Phe Ala Leu Phe GIn Ser Asn Ile Thr Thr Ile Asp Glu Val Val Asp
370 375 380

Tyr Leu Ala Ser Tyr Phe Phe Tyr Asp Ala Ser Arg Glu GIn Leu Glu

385 390 395 400

gaa cta gtg gce ctg tac cca gac acc acc acg tac ggg tct ceg ttc

Glu Leu Val Ala Leu Tyr Pro Asp Thr Thr Thr Tyr Gly Ser Pro Phe
405 410 415

agg aca ggc gcg gcc aac aac tgg tat ccg caa ttt aag cga ttg gec

Arg Thr Gly Ala Ala Asn Asn Trp Tyr Pro GIn Phe Lys Arg Leu Ala

420 425 . 430
gce att ctc ggc gac ttg gtc ttc acc att acc cgg cgg gea ttc ctc

Ala Tle Leu Gly Asp Leu Val Phe Thr Ile Thr Arg Arg Ala Phe Leu

435 440 445 .

227

720
768
816
864
912
960
1008

1056

1104

1152

—————tac—ctg -gcc-tca -tac-ttc-tte=tat—gac-gct—agccga-gag-cag-ctt-gaa-—==—1200—=-

1248
1296

1344
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teg tat gca gag gaa atc tec cct gat ctt ccg aac tgg tcg tac ctg
Ser Tyr Ala Glu Glu Ile Ser Pro Asp Leu Pro Asn Trp Ser Tyr Leu
450 455 460
gcg acc tat gac tat ggc acc cca gtt ctg ggg acc ttc cac gga agt
Ala Thr Tyr Asp Tyr Gly Thr Pro Val Leu Gly Thr Phe His Gly Ser
465 470 475 . 480
gac ctg ctg cag gtg ttc tat ggg atc aag cca aac tat gca gct agt
Asp Leu Leu GIn Val Phe Tyr Gly Ile Lys Pro Asn Tyr Ala Ala Ser
485 490 " 495
tct age cac acg tac tat ctg agec ttt gtg tat acg ctg gat ccg aac
Ser Ser His Thr Tyr Tyr Leu Ser Phe Val Tyr Thr-Leu Asp Pro Asn
500 505 510
tcc aac cgg g9gg gag tac att gag tgg ccg cag tgg aag gaa tcg cgg
Ser Asn Arg Gly Glu Tyr Ile Glu Trp Pro GIn Trp Lys Glu Ser Arg
- 515 520 525
cag ttg atg aat ttc gga gcg aac gac gcc agt ctc ctt acg gat gat
GIn Leu Met Asn Phe Gly Ala Asn Asp Ala Ser Leu Leu Thr Asp Asp
530 535 540

ttc cge aac ggg aca tat gag ttc atc ctg cag aat acc geg geg tte
Phe Arg Asn Gly Thr Tyr Glu Phe Ile Leu GIn Asn Thr Ala Ala Phe
545 550 555 560
cac atc tga

His Ile

<210> 12

<211> 562

<212> PRT

<213> Aspergillus niger

<400> 12
Met Ala I'le Met Lys Ala Leu Leu Trp Leu Ser Leu Ser Leu Ala Va]

1392

1440

1488

1536

1584

1632

1680

1689

* ].U - —_'-———'.—._15

Trp Ala Thr Pro Va] GIn Arg Asp Ala Ala Pro Thr Val Thr Ile Ala
20 < 25 30
His Pro Ser Ala Thr Val 1le Gly Lys Ser Gly Asn VYal Glu Ser Phe
3B - 40 45

Asn Asn Ile Pro Phe Ala Gln Ala Pro Thr 61y Ser Leu Arg Leu Lys

50 55 60
Pro Pro Gin Pro Leu Glu Thr Ala Leu Gly Thr Val Gln Ala Thr Gly
65 70 75 80
Ala Ser GIn Ser Cys Pro G1In Met Tyr Phe Thr Thr Asp Glu Ser Glu
' 85 90 95
Phe Pro Thr Ser Val Ile Gly Leu Leu Ala Asp Leu Pro Leu Val GIn

2371

(
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100 105 110
Ser Ala Thr Asn Ala Leu Glu Asp Cys Leu Asn Ile Asp Ile Arg Arg
115 120 125
Pro Ala Gly Thr Thr Ala Asp Ser Lys Leu Pro Val Leu Val Trp Ile
130 135 140
Phe Gly Gly Gly Phe Glu Leu Gly Ser Lys Ala Met Tyr Asp Gly Thr
145 150 155 160
Thr Met Val Ser Ser Ser Ile Asp Lys Ash Met Pro Ile Val Phe Val
165 170 ' 1756
Ala Met Asn Tyr Arg Val Gly Gly Phe Gly Phe Leu Pro Gly Lys Glu -
180 185 190
Tle Leu Glu Asp Gly Ser Ala Asn Leu Gly Leu Leu Asp GIn Arg Leu
195 200 205
Ala Leu GIn Trp Val Ala Asp Asn Ile Glu Ala Phe Gly Gly Asp Pro
210 215 220
Asp Lys Val Thr Ile Trp Gly Glu Ser Ala Gly Ala Ile Ser Val Phe -
225 230 235 280
Asp GIn Met Ile Leu Tyr Asp Gly Asn Ile Thr Tyr Lys Asp Lys Pro
245 250 255
Leu Phe Arg Gly Ala Ile Met Asp Ser Gly Ser Val Val Pro Ala Asp
260 265 270
Pro Val Asp Gly Val Lys Gly GIn GIn Val Tyr Asp Ala Val Val Glu
275 280 285
Ser Ala Gly Cys Ser Ser Ser Asn Asp Thr Leu Ala Cys Leu Arg sm
290 295 300 »
Leu Asp Tyr Thr Asp Phe Leu Asn Ala Ala Asn Ser Val Pro Gly Ile
305 310 315 . 320
Leu Ser Tyr His Ser Val Ala Leu Ser Tyr Val Pro Arg Pro Asp Gly
325 330 335 .
Thr Ala Leu Ser Ala Ser Pro Asp Val Leu Gly Lys Ala Gly Lys Tyr
340 345 350
A]a Arg Val Pro Phe Ile Val Gly Asp GIn G]u Asp Glu Gly Thr Leu

355 T =360 e 0 =365
Phe Ala Leu Phe GIn Ser Asn Ile Thr Thr Ile Asp Glu Val Val Asp
370 375 380
Tyr Leu Ala Ser Tyr Phe Phe Tyr Asp Ala Ser Arg Glu GIn Leu Glu
385 390 395 400
Glu Leu Val Ala Leu Tyr Pro Asp Thr Thr Thr Tyr Gly Ser Pro Phe
405 410 415
Arg Thr Gly Ala Ala Asn Asn Trp Tyr Pro GIn Phe Lys Arg Leu Ala.
420 o 425 430
Ala Ile Leu Gly Asp Leu Val Phe Thr Ile Thr Arg Arg Ala Phe Leu
435 440 445
Ser Tyr Ala Glu Glu Ile Ser Pro Asp Leu Pro Asn Trp Ser Tyr Leu

24/71
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450 455 460
Ala Thr Tyr Asp Tyr Gly Thr Pro Yal Leu Gly Thr Phe His Gly Ser
465 470 475 480
Asp Leu Leu 61n Val Phe Tyr Gly Ile Lys Pro Asn Tyr Ala Ala Ser

: 485 490 " 495
Ser Ser His Thr Tyr Tyr Leu Ser Phe Val Tyr Thr Leu Asp Pro Asn

500 505 510
Ser Asn Arg Gly Glu Tyr Ile Glu Trp Pro GIn Trp Lys Glu Ser Arg
515 520 525

GIn Leu Met Asn Phe Gly Ala Asn Asp Ala Ser Leu Leu Thr Asp Asp

530 535 ) 540
Phe Arg Asn Gly Thr Tyr Glu Phe Ile Leu GIn Asn Thr Ala Ala Phe :
545 550 555 560 (
His Ile _

<210> 13

<211> 2097

<212> DNA

<213> Aspergillus niger

<400> 13 -

cctggctgac gctataccga agacgatgtc gatgtcgtcet tigctcagag gecccgagte 60

gtttggggca cgtcazgaaa gtagtcttcg ctgctgcttg aagacatgat caggacacge . 120

ggttcgacct tcgagtgtac atgatatccg tagaatttge ttgtgactac caaggcatat 180

gttagttcgt gcagtggtaa aagcggcttc tcttcttcaa tctgegaggt ggagatgcct 240

actatgatcg tcatccaact tggtgtctac aagacgaaca caagcttagt tccgacgaac 300

cagtgaaaac tctgtaagat atataagagc atcaagagtc ggacttgett aggagagtag 360

atagttgttg atgctcgegg aagctctcat atagtataga tatgaagtat cggtgagteg 420 )
tagtagtctt tgtattatat agggagaggc tgaatggtat gggtcatgat aatttccaca 480 (
taatagcegat taaageecta gatcgagggt atcttgagge ataaatgata gtatcagtgg 540 ) '
acatatcctg agatgaggat gatatgagat gatagagatg aggaagaaag aggaaagaga 600
gaggcaagea—cagagatttt tatacctttg-cagagcagee—cateegteac—tgaattcagg --- 660 i
catcttcact ccatactatc acgagtcaac gtgaagttgt ataagegtag tgacaggccg 720

cagtgacgat gatccgtcac tgcggtgget atccgegact gatcttgeta tecgtgactg 780

cgttgactct ggtgaaccaa gtgttcggga aggggtgaaa atgaagctga agcgggtcag 840

ggaacattcc aagcaacact agacgagtca gcgacgagtc agcgatccac tcggtctcac 900

acgctcecaa tagtctcaat ttggtgecaa tggcaactaa gtattccatc cacttttaat 960

taaagtgatc agcggtgcac gaattcacat gctggatctg gtacagatca gattaatatc 1020

tcctggaata cgatgaaggc ccacctcagg attcacgata aatttctggt gactgccage 1080

tcgaatggea ttctecgtca ctctacacet gecgttggtt aattctcega acctetaatt 1140

gtcaatttct gccaaaatac gtctatcatc getggecctg geatccageg ccatectace 1200

cgccttagge tacagcatca acgacttcte ctgcaatagc accgaacacc cgaatccagt 1260

tgtgctecta catgggctag gegecaccta ctacgaagac ttgaattacc tgcaaggttg 1320

2511
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gctacagace caaggctatt gcacttacgc casaacctac ggtgcatatg aaggcttcce
ctttategge ggectcaagg ccatcgeega atcggecacg gaaategeeg cgtacatceg
cgaggtgaaa gaaaagacgg gegccgacaa gattgacctt gteggtcact ccgaaggege
cttecagace ctetacgtee ctaagttcga ggatggtate tcggagatge tggataaget
-ggtggceatt geacctecca ccagaggeac Caacttggeg ‘gggatctatg acatcgeata
tgttctggga aatctatcge gegatctgat aggegacgte ctggataccg tgggetgege
cgectgtgat gatctgggte cggatggage agegattgac cgettgaacg atggegagee
tatcgtgeag ccgggaaata atctaacggt gattgcatcg cggtcegacy aattggtcac
cccaaccace acctectteg tgcatgaaga tggggtgace aatgaatggg tgcaagacac
ttgtectcta gaccctgteg gtcatatcgg tgaggeatac gatctgaacg tetggaattt
ggtcaaaaac gecttggact ctacgecgaa gegtgagttc gtctgctege tgggatctec
cggcaggtga gactatcatc ttctgaaaat ttgtatataa gcatttatat ttggataccc
ggttaccagt cattagtgtc ataatgtata ataatatcac cacaacttcc tccaage

210> 14

<211> 834

<212> DNA

<213> Aspergillus niger

<220>
<221> CDS
<222> (1)..(834)

<400~ 14 :

atg cgt cta tca tcg ctg gec ctg geca tec age gec atc cta cec gee
Met Arg Leu Ser Ser Leu Ala Leu Ala Ser Ser Ala Ile Leu Pro Ala
1 5 10 15

tta ggc tac agc atc aac gac ttc tcc tge aat age acc gaa cac ccg
Leu Gly Tyr Ser Ile Asn Asp Phe Ser Cys Asn Ser Thr Glu His Pro

20 25 30
aat cca gtt gtg ctc cta cat ggg cta ggc gcec acc tac tac gaa gac

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2097

96

144

35 40
ttg aat tac ctg caa ggt tgg cta cag acc caa ggc tat tgc act tac
Leu Asn Tyr Leu GIn 61y Trp Leu GIn Thr GIn Gly Tyr Cys Thr Tyr
50 55 60 :
gce aaa acc tac ggt gca tat gaa ggc tte ccc ttt gtc ggc gge cte
Ala Lys Thr Tyr Gly Ala Tyr Glu Gly Phe Pro Phe Val Gly Gly Leu
65 . 70 . : 75 80
aag gcc atc gec gaa tcg gec acg gaa atc gec geg tac atc cge gag
Lys Ala Ile Ala Glu Ser Ala Thr Glu Ile Ala Ala Tyr Ile Arg Glu-
85 . 90 95
gtg aaa gaa aag acg ggc gee gac aag att gac ctt gtc ggt cac tee

26171

192

240
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Val Lys Glu Lys Thr Gly Ala Asp Lys Ile Asp Leu Val Gly His Ser
100 . 105 ' 110
gaa ggc gce tte cag acc cte tac gtec cct aag tic gag gat ggt atc
Glu Gly Ala Phe Gin Thr Leu Tyr Val Pro Lys Phe Glu Asp Gly Ile
115 120 125
tcg gag atg ctg gat aag ctg gtg gee att gea cct ccc acc aga gge
Ser Glu Met Leu Asp Lys Leu Val Ala Ile Ala Pro Pro Thr Arg Gly
130 135 140 :
acc aac ttg gcg ggg atc tat gac atc gca tat gtt ctg gga aat cta
Thr Asn Leu Ala Gly Ile Tyr Asp Ile Ala Tyr Val Leu Gly Asn Leu
145 150 . ' 155 160
tcg cgc gat ctg ata ggc gac gtc ctg gat acc gtg ggc tge gee gee
Ser Arg Asp Leu Ile Gly Asp Val Leu Asp Thr Val Gly Cys Ala Ala
165 170 175
tgt gat gat ctg ggt ccg gat gga gca gcg att gac cgc ttg aac gat
Cys Asp Asp Leu Gly Pro Asp Gly Ala Ala Ile Asp Arg Leu Asn Asp
180 . 185 190
ggc gag cct atc gtg cag ccg gga aat aat cta acg gtg att gca teg
G6ly Glu Pro Ile Val GIn Pro Gly Asn Asn Leu Thr Val Ile Ala Ser
195 200 ' 205 :
cgg tcc gac gaa ttg gtc acc cca acc acc acc tee ttc gtg cat gaa
Arg Ser Asp Glu Leu Val Thr Pro Thr Thr Thr Ser Phe Val His Glu
210 215 220
gat ggg gtg acc aat gaa tgg gtg caa gac act tgt cct cta gac cct
Asp Gly Val Thr Asn Glu Trp Val GIn Asp Thr Cys Pro Leu Asp Pro
225 230 235 240
gtc ggt cat atc ggt gag gca tac gat ctg aac gtc tgg aat ttg gtc
Val Gly His Ile Gly Glu Ala Tyr Asp Leu Asn Yal Trp Asn Leu Val
245 250 . 255
aaa aac gcc ttg gac tct acg ccg sag cgt gag ttc gtc tge teg ctg
Lys Asn Ala Leu Asp Ser Thr Pro Lys Arg Glu Phe Val Cys Ser Leu
260 265 270

384

432

480
528

576

624

672

720

768

816

SR T, . W o ot B |04y B T S P o

6ly Ser Pro Gly Arg
275

<10> 15
<211> 277

" <212> PRT

<213> Aspergillus niger

<400> 15

Met Arg Leu Ser Ser Leu Ala Leu Ala Ser Ser Ala Ile Leu Pro Ala

27m

;
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1 5 10 15
Leu Gly Tyr Ser Ile Asn Asp Phe Ser Cys Asn Ser Thr Glu His Pro
20 25 30

Asn Pro Val Val Leu Leu His 61y Leu Gly Ala Thr Tyr Tyr Glu Asp

35 40 45
Leu Asn Tyr Leu GIn Gly Trp Leu GIn Thr GIn Gly Tyr Cys Thr Tyr
50 55 60
Ala Lys Thr Tyr Gly Ala Tyr &lu Gly Phe Pro Phe Val Gly Gly Leu
65 70 75 80
Lys Ala Ile Ala Glu Ser Ala Thr Glu ITe Ala Ala Tyr Ile Arg Glu
85 90 95
Val Lys Glu Lys Thr Gly Ala Asp Lys ITe Asp Leu Val Gly His Ser
100 105 110
Glu Gly Ala Phe GIn Thr Leu Tyr Val Pro Lys Phe Glu Asp Gly Ile
115 120 125
Ser Glu Met Leu Asp Lys Leu Val Ala Ile Ala Pro Pro Thr Arg Gly
130 135 140 :
Thr Asn Leu Ala Gly Ile Tyr Asp Ile Ala Tyr Val Leu Gly Asn Leu
145 150 155 160
Ser Arg Asp Leu Ile Gly Asp Val Leu Asp Thr Val Gly Cys Ala Ala
165 170 : 175
Cys Asp Asp Leu Gly Pro Asp Gly Ala Ala Ile Asp Arg Leu Asn Asp
180 : 185 190
Gly 61u Pro Ile Val GIn Pro Gly Asn Asn Leu Thr Val Ile Ala Ser
195 200 205
Arg Ser Asp Glu Leu Val Thr Pro Thr Thr Thr Ser Phe Val His Glu
210 215 220
Asp Gly Val Thr Asn Glu Trp Val GIn Asp Thr Cys Pro Leu Asp Pro
225 230 235 240
Val 6y His Ile Gly Glu Ala Tyr-Asp Leu Asn Val Trp Asn Leu Val
245 . 250 255
‘Lys Asn Ala Leu Asp Ser Thr Pro Lys Arg Glu Phe Val Cys Ser Leu
= 260~— -~ ——265 276 :

Gly Ser Pro Gly Arg
275

<210> 16

<211> 1881

<212> DNA

<213> Aspergillus niger

<400> 16 -

ccgagtgatc cgegacttct gggtcagett tgttctgeag getcecaccag tgecgtcate

3mm

60
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gcacgegaga cccgeeeegg atgettaget gaagecggea tagtccatee ccgetcggge
gtgatgccca acggtcactg gaggagaggt gcagggagga tgccgttgea tgaatcaage
ccgggatttg actttcatcce getegtttee tactggeggg ttcgeectet ccatcgaage
cacggatect tccatccgga tectggcaga acagtgagga agcagagctt ggttatagta
"gaaattatta ataccgagct ggtctgecca ttttteccaa acctteccte tttecatcee
tctegectog cacceecttt atecteecte cegecatgta tatccecteg gtgetgette
tggccgegag cctgttecat ggegeaacgg cgetgeccac geeceggetee acgeccatee
cgcecageca ggatccctgg tacagtgege ccgagggett cgaggagget gatcccggtg
ccatcctgeg cgtgeggece gegeccggea acttgacegt ggtagtggge aatgegtegg
cggectacaa catcctctac cgcactacag acagtcagta caagecctee tgggctgtga
ccaccectget ggtgececee gtggeegect cegecgeegt caaccagagt gtectgetet
cccaccagat cgectacgat tegttcgacg tcaatgecag teccagetac gecatgtaca
ccageccgee ctecgatatt atcctegece tgcagegegg ctggttegtt aacgtccceg
attacgaggg ccccaatgce tetttcaccg ccagtgtgca gtecggecat gecacccteg
actcggtceecg cagegtgete gectecggat tcggectgaa cgaggacgee cagtacgcte
tagtggggtta ctctggeggt gecttggeca gegaatggge tgetgaactg cagatgcaat
acgcteccga gttgaacatt geeggtctgg cegtgggtgg tetcactece aatgttaccea
gcgtcatgga cacggtgace tcgaccatca gtgegggact catceccgee gecgeectag
gtctgtcgag ccagcaccee gagacctacg agttcatcct cagccagetc aagacgacgg
gaccctacaa ccgcacagga ttcctagccg ccaaggacct gaccctgtcc gaggcggagg
tcttctacge cttecagaac atcttcgatt actttgtcaa cggatcggec acgttccagg
cggaggtggt gcagaaggcg ctgaaccagg acggatacat gggctaccat gggttcccge
agatgccggt getcgegtac aaggetattic acgatgagat cagtcccatc caggatacgg
atcgegtgat caagegetac tgtggtctgg gattgaacat cttgtatgag cggaacacca
tcggtggeca ctcggcagag caggtgaatg gcaacgecag ggegtggaac tggttgacga
gcattttcga cggaacgtat gcgcagcagt acaagaccga ggggtgcacg atccgcaatg
tcactctgaa cacgacttcc tcegtttatt agagaggggg ctgttgttat gtgaataatg
ctgaagatgg ctgtgtatgg acggtceget ctectgtata gtaatggget aatgcatgeg
gcttcatgaa catggtacga aagattagat tatgtatata gtgtggaagt ggtaatgatg
atataatatc tgtctatgat ctatgttcct gctattctat acaaacgega ccattcacag
aatgactact ggcacatctg ¢

<210> 17

<211> 1257

<212> DNA

<213> Aspergilius niger

<220>

<221> CDS

<222> (1)..(1257)

<400> 17

atg tat atc ccc tcg gtg-ctg ctt ctg gec gcg age ctg ttc cat gge

29/711

120
180
240

- 300

360
420

. 480

540
600
660
720
780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1881

Vs
{
N

48
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Met Tyr Ile Pro Ser Val Leu Leu Leu Ala Ala Ser Leu Phe His Gly
1 5 _ : 10 : 156
gca acg gecg ctg ccc acg cee gge tee acg ccc atc ccg cce age cag

Ala Thr Ala Leu Pro Thr Pro Gly Ser Thr Pro Ile Pro Pro Ser GIn-

20 25 30
gat ccc tgg tac agt gcg ccc gag ggc ttc gag gag gct gat ccc ggt
“Asp Pro Trp Tyr Ser Ala Pro Glu 61y Phe Glu €lu Ala Asp Pro Gly
35 40 45
gce atc ctg cgc gtg cgg cce geg ccc gge aac ttg acc gtg gta gtg
Ala Ile Leu Arg Val Arg Pro Ala Pro Gly Asn Leu Thr Val Val Val
50 55 60
ggc aat gcg tcg geg gee tac aac atc cte tac cge act aca gac agt
Gly Asn Ala Ser Ala Ala Tyr Asn Ile Leu Tyr Arg Thr Thr Asp Ser
65 70 75 ‘ 80
cag tac aag ccc tcc tgg gct gtg acc acc ctg ctg gtg ccc cce gtg
Gln Tyr Lys Pro Ser Trp Ala Val Thr Thr Leu Leu Val Pro Pro Val
85 - 90 ‘ 95
gce gee tee gee gec gte aac cag agt gtc ctg cte tee cac cag atc
Ala Ala Ser Ala Ala Val Asn GlIn Ser Val Leu Leu Ser His GIn Ile
‘ 100 105 ' 110
gce tac gat tcg ttc gac gtc aat gec agt ccc age tac gee atg tac
Ala Tyr Asp Ser Phe Asp Val Asn Ala Ser Pro Ser Tyr Ala Met Tyr
115 120 126
acc agc ccg ccc tee gat att ate cte gec ctg cag cge gge tgg ttc
Thr Ser Pro Pro Ser Asp Ile Ile Leu Ala Leu GIn Arg Gly Trp Phe
130 135 140
gtt aac gtc ccc gat tac gag ggc cecc aat gec tet ttc acc gee ggt
Val Asn Val Pro Asp Tyr Glu Gly Pro Asn Ala Ser Phe Thr Ala Gly
145 ' 150 155 ' 160
- gtg cag tcc ggc cat gece acc cte gac tcg gtc cge age gtg cte gee
Val GIn Ser Gly His Ala Thr Leu Asp Ser Val Arg Ser Val Leu Ala
165 170 175

Ser Gly Phe Gly Leu Asn Glu Asp Ala GIn Tyr Ala Leu Trp Gly Tyr
180 ‘ 185 190
tct ggc ggt gee ttg gec age gaa tgg get get gaa ctg cag atg caa

Ser 61y Gly Ala Leu Ala Ser €lu Trp Ala Ala Glu Leu GIn Met GIn

195 200 205
tac gct ccc gag ttg aac att gec ggt ctg gec gtg ggt ggt cte act
Tyr Ala Pro Glu Leu Asn Ile Ala Gly Leu Ala Val Gly Gly Leu Thr
210 215 C 220 :
cce aat gtt acc age gtc atg gac acg gtg acc tcg acc atc agt gcg
Pro Asn Val Thr Ser Val Met Asp Thr Val.Thr Ser Thr Ile Ser Ala
225 230 . .. 235 240

- 30m

9

144

192

240

288

336

432

480

528

—--—-—tcc-gga-tte-gge—etg-aae-gag-gac-gee—cag tac-get ctg-tgg-ggt-tae——576 -

624

672

720

——— e .
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gga ctc atc ccc gee gee gec ctg ggt ctg tcg age cag cac ccc gag
Gly Leu ITe Pro Ala Ala Ala Leu Gly Leu Ser Ser Gin His Pro Glu

245 250 - 255
acc tac gag ttc atc ctc agc cag ctc aag acg acg gga ccc tac aac
The Tyr Glu Phe Ile Leu Ser GIn Leu Lys Thr Thr Gly Pro Tyr Asn
260 265 270
cge aca gga ttc cta gee gee aag gac ctg acc ctg tcc gag gcg gag
Arg Thr Gly Phe Leu Ala Ala Lys Asp Leu Thr Leu Ser Glu Ala Glu

275 280 285
gtc ttc tac gec ttc cag aac atc ttc gat tac ttt gtc aac gga tcg
Val Phe Tyr Ala Phe GIn Asn Ile Phe Asp Tyr Phe Val Asn Gly Ser

290 295 300
gce acg ttc cag geg gag gtg gtg cag aag gcg ctg aac cag gac gga
Ala Thr Phe GIn Ala Glu Val Val GIn Lys Ala Leu Asn GIn Asp Gly
305 310 315 320
tac atg ggc tac cat ggg ttc ccg cag atg ccg gtg ctc geg tac aag
Tyr Met Gly Tyr His Gly Phe Pro GIn Met Pro Val Leu Ala Tyr Lys
325 330 335
gct att cac gat gag atc agt ccc atc cag gat acg gat cgc gtg atc
Ala Ile His Asp 6lu Ile Ser Pro Ile GIn Asp Thr Asp Arg Val Ile
340 345 350
aag cgc tac tgt ggt ctg gga ttg aac atc ttg tat gag cgg aac acc
Lys Arg Tyr Cys Gly Leu Gly Leu Asn Ile Leu Tyr Glu Arg Asn Thr

355 360 365 .
atc ggt ggc cac tcg gea gag cag gtg aat ggec aac gcc agg geg tgg
Ile Gly Gly His Ser Ala Glu GIn Val Asn Gly Asn Ala Arg Ala Trp

370 ' 375 380
aac tgg ttg acg agc att ttc gac gga acg tat gcg cag cag tac aag
Asn Trp Leu Thr Ser Ile Phe Asp Gly Thr Tyr Ala Gln GIn'Tyr Lys
385 390 395 400
acc gag ggg tgc acg atc cgc aat gtc act ctg aac acg act tecc tece
Thr 6lu Gly Cys Thr Ile Arg Asn Val Thr Leu Asn Thr Thr Ser Ser

768
816
864
912

960 ( X

-1008

1056
1104
1152
1200

1248

495~ — - 43— 415

gtt tat tag
Val Tyr

<210> 18

<211> 418

<212> PRT

<213> Aspergillus niger

<400> 18 -
Met Tyr Ile Pro Ser Val Leu Leu Leu Ala Ala Ser Leu Phe His Gly

3m

1257
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: 2107840.5725. txt
1 5 . 10 15
Ala Thr Ala Leu Pro Thr Pro Gly Ser Thr Pro Ile Pro Pro Ser Gin
20 25 30
Asp Pro Trp Tyr Ser Ala Pro Glu Gly Phe Glu Glu Ala Asp Pro Gly
: 35 40 45 -
Ala ITe Leu Arg Val Arg Pro Ala Pro By Asn Leu Thr Val Val Val
50 55 ' 60
Gly Asn Ala Ser Ala Ala Tyr Asn Ile Leu Tyr Arg Thr Thr Asp Ser
65 70 75 80
GIn Tyr Lys Pro Ser Trp Ala Val Thr Thr Leu Leu Yal Pro Pro Val
85 90 95
Ala Ala Ser Ala Ala Val Asn GIn Ser Val Leu Leu Ser His GIn Ile
100 105 110
Ala Tyr Asp Ser Phe Asp Val Asn Ala Ser Pro Ser Tyr Ala Met Tyr
115 120 : 125
Thr Ser Pro Pro Ser Asp Ile Ile Leu Ala Leu Gin Arg Gly Trp Phe
130 135 140 _
Val Asn Val Pro Asp Tyr Glu Gly Pro Asn Ala Ser Phe Thr Ala Gly
145 150 165 160
Val GIn Ser Gly His Ala Thr Leu Asp Ser Val Arg Ser Val Leu Ala
165 170 175
Ser Gly Phe Gly Leu Asn Glu AspAla GIn Tyr Ala Leu Trp Gly Tyr
180 185 190
Ser Gly 6ly Ala Leu Ala Ser Glu Trp Ala Ala Glu Leu Gln Met GIn
195 - 200 205
Tyr Ala Pro 61u Leu Asn Ile Ala Gly Leu Ala Val Gly Gly Leu Thr
210 . 215 220
Pro Asn Val Thr Ser Val Met Asp Thr Val Thr Ser Thr Ile Ser Ala
225 230 235 240
Gly Leu Ile Pro Ala Ala Ala Leu Gly Leu Ser Ser GIn His Pro Glu
245 250 255
Thr Tyr Glu Phe Ile Leu Ser Gin Leu Lys Thr Thr Gly Pro Tyr Asn

~260- -~ - - 2657 270 mm e e
Arg Thr Gly Phe Leu Ala Ala Lys Asp Leu Thr Leu Ser Glu Ala Glu
275 280 285
Val Phe Tyr Ala Phe GIn Asn Ile Phe Asp Tyr Phe Val Asn Gly Ser
290 295 300 _
Ala Thr Phe Gln Ala Glu Val Val GIn Lys Ala Leu Asn Eln Asp Gly
305 310 315 320
Tyr Met Gly Tyr His 61y Phe Pro GIn Met Pro Val Leu Ala Tyr Lys - -
. 325 30 335
‘Ala Ile His Asp 61u Ile Ser Pro Ile GIn Asp Thr Asp Arg Val Ile
340 345 350
Lys Arg.Tyr Cys Gly Leu Gly Leu Asn Ile Leu Tyr 61u Arg Asn Thr-

aam
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355 360 365 :
Ile Gly Gly His Ser Ala Glu GIn Val Asn Gly Asn Ala Arg Ala Trp
370 375 380
Asn Trp Leu Thr Ser Ile Phe Asp Gly Thr Tyr Ala Gln Gln Tyr Lys
385 390 395 400
Thr Glu Gly Cys Thr Ile Arg Asn Val Thr Leu Asn Thr Thr Ser Ser
405 410 415
Yal Tyr
<210> 19
<211> 2809
<212> DNA.

<213> Aspergillus niger

<400> 19

agtaatgtat catttgeaag atcagtaaat gaaatctgct gcacaatgca cgctttgaga
acgacgatgc gaatcgtaga atgcccaagt cagtctgegt ggtcagacga gacccataca
ttgcatatgt acaatctagt agtataatat ggtgtaaatc cccataacct gatactcata
cacactatca gggcttgggt acatgagega agtagtccca acaatcaaac aatcatccaa
actccaagec aaatgecage gaaaacaaca aaagcacaac atgatgttac agtgcactag
ggaaaccaat ctgtgtcacc atcactcagg acaccagata taacgaacce ccctcacaga
ccacgagtct tctceggate catctgeace tcatcacege taatttectt gaccgtctea
aacgecgget tgeccgeata tagetgetgg gacgagetgg agecgeegee ttecgtegte
gataccgaga tgggctggtt tccgeggaac cgettgegea tatcgatcag gecgegtcta
tagaaggaca aacagttagt aaccctgatg acttggcggt gattgcgttt tacaagaagg
tagcggetet ttactcactt geactcgetg aatcccttec geaattgetg geategeatg
ggaagctcgt cgacgtacgg ctcactcaga cattcgeggg gegagegeeg ttgcaccatg
atgcagtctg attcttggag acattgggec agagcatttc ctgttcatee aggtgagatt
gattagagag tgtggagctg aagctgaagt tggagacaat gaggtggtga tctcegtteg
gggatacgtc gagtatccaa gecgeaattt aagagtatgg taaaggatat aagggtcaaa
cgtactgatc tcttggcagg aactcggeat tttggegaac aacaatggec gaattgctea

ctgatcggaa aacaaactca accaacggge cttgccecgg attaggtaag ccatcacatg
aagaaggcce ccatgacgtc tggggggaat cctgacttge tgcttgttee gettgattta
tectetteee ctagtcatge ggtcttgggt ctttgaagea ttgcttegge geattatggt
tcactactac tactgcaggt gataagtatt ttagttggtt gatttgcaaa ttgtccatcc
cttttcgata ataggaggtt tggtcttaat cgtcatggeg cgegticegg teattggacg
gctgttttgg ttcgagtatt tggecctttt tgggtcgetg attttggtat tgctggaatg
ggttatacat attatcacat tctgtctgeg taagtagtgt gttcattctc tggaattgtg
gtctatgtcg aggggcaaga getaactgac gcagetgaac ctgttattaa gttctgttac
gatcgatcca agactatctt caacgectte attectceceg atgaccegge taagegeggt
aaagaagaga aaattgctgc gtcogttget ctggegtcgg acttcacgga tatatgegeg
ctgttcggat atgaggcgga ggaacatatc gtccagacag gggatggcta tetgettggt

33

60

120
180
240
300
360
420
480
540

600

660
720
780
840
900
960 .

—————gccaactyac -asgcaggaacaataccggtctgeggeggeggacatetgga gataatttgt——1020—————

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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ctgcaccgac tgccctatcg gaaaggagag gaggggagyga agatcaacca gggcgaaggg
agcatcaaga agaaggtegt ctatctecac catggtctea tgatgtgcag tgaagtctgg
atctgtctgt cagaggagca gegatgectt cegtticaat tagtcgaaag gggctatgac
gtgtggttgg ggaacaatag aggaaacaag tactcgaaga agtccgtcaa gcattegece -
ctgtcgaacg agttctggga cttttcgatc gatcagttct cgttccatga tatcccagac
agcatcaagt atatcctgga agtgacaggg cagcectecc tgtcatacgt ggggttctcg
cagggaacag cgcaggcatt tgcgacgetg tccattcate ctttgttgaa tcagaagatc
gatgtctttg tggctctege geeggeaatg getccgacag gtcttccaaa tcatctcgty
- gactcgctcea tgaaggcttc gecgaacttce ctgtttctgc tgtttggeag acgeageate
cttagctcaa cgacgatgtg gcagacaatt ctctaccege ctatctttgt ttggatcatc
gacacgtcac ttcgeggect gttcaattgy aggtgcaaga acatcagccg ctggeagaag
ctggcagggt acctgcatct gttttecttc actagcacca agtcggtegt ccattggttc
cagattattc ggcaccggaa tttccagttc tacgatgacg aaatccatgce cccgetcagt
attgtggcca gtgagegatt ttacaagecg gtcaagtacc cgactaagaa cattaagacg
cccattgtec tgttgtatgg cggtagegat agtctcgttg atatcaacgt gatgttgtec
gagctcecte gegggaccgt ggcgaaggaa atcccgecagt atgagcattt agatttcttg
tgggcgegtg atgtggacca attggtattc aaccatgtct tcgaagcget ggageggtac
agctcggaga atcagaaagg gacattgatg gagaaggtta atggtgccge gggcacatat -

gtaccgacat aaagtacgag gtcctgcacc aatgaagaca cgcataatc

<210> 20

<211> 1413

<212> DNA

<213> Aspergillus niger

<220>
<221> CDS
<222> (1)..(1413)

<400> 20
atg gcg cge gtt ccg gtc att gga cgg ctg ttt tgg ttc gag tat ttg

1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2809

48

e — - —Met=Ata—Arg-Vat-Pro-Val-1le-Gly-Arg—teu Phe Trp-Phe-Glu—Tyr-teu”

1 5 10 15

gcc ctt ttt ggg teg ctg att tig gta ttg ctg gaa tgg gtt ata cat

Ala Leu Phe Gly Ser Leu Ile Leu Val Leu Leu Glu Trp Val Ile His

20 25 30

att atc aca ttc tgt ctg cct gaa cct gtt att aag ttc tgt tac gat

Ile Ile Thr Phe Cys Leu Pro Glu Pro Val Ile Lys Phe Cys Tyr Asp
- 35 40 45 - .

cga tcc aag act atc ttc aac gee, tte att cct cce gat gac ccg g

Arg Ser Lys Thr Ile Phe Asn Ala Phe Ile Pro Pro Asp Asp Pro Ala

50 55 60

aag cgc ggt aaa gaa gag aaa att gct geg tog gtt gct ctg geg teg

34/711

9%

‘144

192

240
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Lys Arg 61y Lys Glu Glu Lys Tle Ala Ala Ser Val Ala Leu Ala Ser

65 70 75 80
gac ttc acg gat ata tgc gcg ctg ttc gga tat gag gcg gag gaa cat
Asp Phe Thr Asp Ile Cys Ala Leu Phe Gly Tyr Glu Ala Glu 6lu His
- 85 90 9%5
atc gtc cag aca ggg gat ggc tat ctg ctt ggt ctg cac cga ctg cce
Ile Val GIn Thr Gly Asp Gly Tyr Leu Leu Gly Leu His Arg Leu Pro
100 1056 110
tat cgg aaa gga gag gag 9gg agg aag atc aac cag ggc gaa ggg agc
Tyr Arg Lys Gly Glu Glu Gly Arg Lys Ile Asn GIn Gly Glu Gly Ser
~ 115 120 125
atc aag aag aag gtc gtc tat ctc cac cat ggt ctc atg atg tgc agt
Ile Lys Lys Lys Val Val Tyr Leu His His Gly Leu Met Met Cys Ser
130 135 140
gaa gtc tgg atc tgt ctg tca gag gag cag cga tgc ctt ccg ttt caa

Glu Val Trp Ile Cys Leu Ser Glu Glu GIn Arg Cys Leu Pro Phe GIn-

145 150 155 160
tta gtc gaa agg ggc tat gac gtg tgg ttg gyg aac aat aga gga aac

Leu Val Glu Arg Gly Tyr Asp Val Trp Leu Gly Asn Asn Arg Gly Asn

165 170 - 175
aag tac tcg aag aag tcc gtc aag cat tcg ccc ctg teg aac gag tte
Lys Tyr Ser Lys Lys Ser Val Lys His Ser Pro Leu Ser Asn Glu Phe

180 185 190
tgg gac ttt tcg atc gat cag ttc tcg ttc cat gat atc cca gac age
Trp Asp Phe Ser Ile Asp GIn Phe Ser Phe His Asp Ile Pro Asp Ser
. 195 ) 200 205
atc aag tat atc ctg gaa gtg aca ggg cag ccc tcc ctg tca tac gtg
Ile Lys Tyr Ile Leu Glu Val Thr Gly GIn Pro Ser Leu Ser Tyr Val
210 216 220 .
ggg ttc tecg cag gga aca geg cag geca ttt gecg acg ctg tce att cat
Gly Phe Ser GIn Gly Thr Ala GIn Ala Phe Ala Thr Leu Ser Ile His
225 230 235 240
- cct ttg—ttg—aat -cag-aag-atc -gat-gtc-ttt-gtg—get—ctegeg—ccg-gea
Pro Leu Leu Asn GIn Lys Ile Asp Val Phe Val Ala Leu Ala Pro Ala

245 250 255
atg gct ccg aca ggt ctt cca aat cat ctc gtg gac tcg ctc atg aag
Met Ala Pro Thr Gly Leu Pro Asn His Leu Val Asp Ser Leu Mst Lys

260 265 270
gct teg ccg aac ttc ctg ttt ctg ctg ttt ggc aga cgc age atc ctt

Ala Ser Pro.Asn Phe Leu Phe Leu Leu Phe Gly Arg Arg Ser Ile Leu..

275 . 280 285
agc tca acg acg atg tgg cag aca att ctc tac ccg cct atc ttt gtt

Ser Ser Thr Thr Met Trp GIn Thr Ile Leu Tyr Pro Pro Ile Phe Val -

290 . 295 300

sm

288

336

432

480

528
576
624

672

(

720

768~ e

816

864

912
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tgg atc atc gac acg tca ctt cgc gge ctg ttc aat tgg agg tgc aag
Trp Ile Ile Asp Thr Ser Leu Arg &1y Leu Phe Asn Trp Arg Cys Lys
305 310 315 320
aac atc agc cgc tgg cag aag ctg gca ggg tac ctg cat ctg ttt tcc
Asn Ile Ser Arg Trp Gln Lys Leu Ala Gly Tyr Leu His Leu Phe Ser
' 325 330 - - 336
-ttc act age acc aag teg gtc gtc cat tgg ttc cag att att cgg cac
Phe Thr Ser Thr Lys Ser Val Val His Trp Phe GIn Ile Ile Arg His
340 345 350
cgg aat ttc cag ttc tac gat gac gaa atc cat gcc-ccg cte agt att
Arg Asn Phe GIn Phe Tyr Asp Asp Glu Ile His Ala Pro Leu Ser Ile
355 360 365
gtg gcc agt gag cga ttt tac aag ccg gtc aag tac ccg act ‘aag aac
Val Ala Ser Glu Arg Phe Tyr Lys Pro Val Lys Tyr Pro Thr Lys Asn
370 375 380
att aag acg ccc att gtc ctg ttg tat ggc ggt agc gat agt ctc gtt
Ile Lys Thr Pro Ile Val Leu Leu Tyr Gly Gly Ser Asp Ser Leu Val
385 390 395 400
gat atc aac gtg atg ttg tcc gag ctc cct cgc ggg acc gtg gcg aag

Asp Ile Asn Val Met Leu Ser Glu Leu Pro Arg Gly Thr Val Ala Lys

_ 405 410 415

gaa atc ccg cag tat gag cat tta gat ttc ttg tgg gcg cgt gat gtg
Glu I1e Pro GIn Tyr Glu His Leu Asp Phe Leu Trp Ala Arg Asp Val

420 425 430
gac caa ttg gta ttc aac cat gtc ttc gaa gcg ctg gag cgg tac agc
Asp G1In Leu Val Phe Asn His Val Phe Glu Ala Leu Glu Arg Tyr Ser
435 440 445
tcg gag aat cag aaa ggg aca ttg atg gag aag gtt aat ggt gcc geg
Ser Glu Asn Gln Lys Gly Thr Leu Met Glu Lys Val Asn Gly Ala Ala
450 455 460
ggc aca tat gta ccg aca taa

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1413

Gly Thr Tyr Val Pro Thr

o - —‘465 . e A= - - s - —_
I

<210> 21

<211> 470

<212> PRT

<213> Aspergillus niger

<400> 21

Met Ala Arg Val Pro Val Ile 61y Arg Leu Phe Trp Phe Glu Tyr Leu
1 5 - 10 15

Ala Leu Phe Gly Ser Leu Ile Leu Val Leu Leu Glu Trp Val Ile His

36N
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20 25 30
Ile Ile Thr Phe Cys Leu Pro Glu Pro Val I1e Lys Phe Cys Tyr Asp
35 40 45
Arg Ser Lys Thr Ile Phe Asn Ala Phe Ile Pro Pro Asp Asp Pro Ala
50 55 60 _
Lys Arg Gly Lys 6lu Glu Lys Ile Ala Ala Ser Val Ala Leu Ala Ser
6 70 75 - 80.
Asp Phe Thr Asp Ile Cys Ala Leu Phe Gly Tyr Glu Ala Glu Glu His
85 90 95
Ile Yal GIn Thr Gly Asp Gly Tyr Leu Leu Gly Leu His Arg Leu Pro
100 105 110
Tyr Arg Lys Gly €lu Glu Gly Arg Lys Ite Asn GIn Gly Glu Gly Ser
115 120 125
Ile Lys Lys Lys Val Val Tyr Leu His His Gly Leu Met Met Cys Ser
130 135 140
Glu Yal Trp Ile Cys Leu Ser Glu Glu GIn Arg Cys Leu Pro Phe GIn
145 150 155 ~ 160
Leu Val Glu Arg Gly Tyr Asp Val Trp Leu Gly Asn Asn Arg Gly Asn
165 170 175
Lys Tyr Ser Lys Lys Ser Yal Lys His Ser Pro Leu Ser Asn Glu Phe
180 185 190
Trp Asp Phe Ser Ile Asp G1n Phe Ser Phe His Asp 1le Pro Asp Ser
195 - 200 205
Ile Lys Tyr Ile Leu 6lu Val Thr 61y GIn Pro Ser Leu Ser Tyr Val
210 215 220
Gly Phe Ser Gln Gly Thr Ala GIn Ala Phe Ala Thr Leu Ser Ile His
225 230 235 240
Pro Leu Leu Asn GIn Lys I1e Asp Val Phe Val Ala Leu Ala Pro Ala
245 250 255
Met Ala Pro Thr Gly Leu Pro Asn His Leu Val Asp Ser Leu Met Lys
260 265 270
Ala Ser Pro Asn Phe Leu Phe Leu Leu Phe Gly Arg Arg Ser Ile Leu

e
(
.

e h ot — - ogE - e
Ser Ser Thr Thr Met Trp GIn Thr Ile Leu Tyr Pro Pro Ile Phe Val
290 295 300
Trp Ile Ile Asp Thr Ser Leu Arg Gly Leu Phe Asn Trp Arg Cys Lys
305 _ 310 315 320
Asn I1e Ser Arg Trp GlIn Lys Leu Ala Gly Tyr Leu His Leu Phe Ser
325 330 335
Phe Thr Ser Thr Lys Ser Val Val His Trp Phe GIn Ile Ile Arg His
340 ) 345 350 )
Arg Asn Phe GIn Phe Tyr Asp Asp Glu Ile His Ala Pro Leu Ser Ile
355 360 365
Val Ala Ser Glu Arg Phe Tyr Lys Pro Val Lys Tyr Pro Thr Lys Asn

3rn
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370 375 380
Ile Lys Thr Pro Ile Val Leu Leu Tyr Gly Gly Ser-Asp Ser Leu Val
385 390 395 400
‘Asp Ile Asn Val Met Leu Ser Glu Leu Pro Arg Gly Thr Val Ala Lys
405 410 415
Glu Ile Pro GIn Tyr Glu His Leu Asp Phe Leu Trp Ala Arg Asp Val
420 425 430
Asp GIn Leu Val Phe Asn His Val Phe Glu Ala Leu Glu Arg Tyr Ser
435 440 445
Ser Glu Asn GIn Lys Gly Thr Leu Met Glu Lys Val Asn Gly Ala Ala
450 455 460
Gly Thr Tyr Val Pro Thr :
465 470

<210> 22

 <211> 3328
<212> DNA .
<213> Aspergillus niger

<400> 22
- gatttatgaa gacaggggag ctctcagtag atgatcttcg cacaattgca cttcctgggg 60
agectgttta gtctctagtg aattattgat agacaggtca tctgectcga gggggttcta 120
ctaacaacgt gatatctatg ttgctccttt actttagaag aaaggtictg cttggtagct 180
ggaacccagt atatagttga tgtgagtata tgaagattcc aatgctttgg aatattcege 240
cgtggctgaa tgatgggact ctcactgcca agccaaggga ttcctccega aatttttgea 300
catatgttgt tgatgcctta tccctctgge attcactegt tgctgecteg ggtgggacce 360
gacagtcctc aaacgatgaa atcttattgg ctctgctagt tgagcteggt ttcaccattt 420
ctattggcge tttctcacte tactccatat tacagcttcc getttgeaat geggggetgt 480
gctgecgactt tgaattgctc gcatagcaag agacactgac cagcaatcca getcttctge 540
ccacatatgt tgcctttgec ttagtatctc ataatttatg tgtccagtga gacagttigt 600
ttgtactgta gcttgagttg ggaatcgtgt cctgtgacca tggaaatata tattctggat 660
—-—-—~—-—ctcagaacatctctaccgtt—tgtaatttttgatatact tc—ccaggatggy-acaatyggoga 720 "~ -

cgatgagtat tgggatgcca tatcacttga aagectctta gacagactge acctatttit 780
attatgctaa attctttacg agacactttc ttcaagtttc tggccctttg tgaggcagag 840
tgaaacacga gcgttcaaac ttgtgttgta gatgtttatg atatttatct cagacagtct 900
ttccacatcc tgtaatcccc aacagaaaaa gatacacagt atatcactag aagctcctaa 960
tagttatcat gctgcaccct aacagcaatg cagtcaccct getgegtcag cgaccccgat 1020
tccggagaag tatccgagat agcgataagg atgcggagat aagattggea agtggagatg 1080
agaaagatat cctcggectc agaagtagge ccgatgataa ataactagtg: aacaagtcece 1140
cegeecttet ccgageaaac tacacttcaa catgctgaat gcacgcteca ttgetctgge . 1200
ctegttgeca gttcttctee tactattege ccagcaactt gectcteace caaccgagea 1260
gattcaagce attctggetc cgtgggtcee ggccgeacta caagatgteg tgctctataa 1320
tcgacctege gtcataatce cccagggeac tgtegtcgge acgaccttga cagacacget 1380

38m.
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<222> (1)..(1779) .

39
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caagtceceg gtagatgctt tccgaggaat tccatacgea ttgectccaa ttggggatag 1440
acagtttcge cgtgeggagg ctgtocatge gacggacgag attatcgatg ctagtgaatt 1500
cggceccaagg tatgettett atacgacatt cagatcatat ctgacctttc aggtgecctg 1560
gaaagcagct cttgaatcca aatgacatag gtggtgatga agactgtctc acagtcaatg 1620
tcttecggee teatggeget cagggaaaac tccctgtege tgtatacgtg cacggeggag 1680
cctacaatcg cggcactggt aggtgtatca cccteagtee tctatatace cacagetaaa 1740
tatccageet ccggacacaa cacggecteg atggtegact ggteggacga geccttegtt 1800
gcagtcaget tcaactaccg gtacgtectc aaacctgtec tecgaatcaa ctcaactaac 1860
aacccatcag catcggegee ctecggettec teccatecac cctaacegec aaagaaggaa 1920
tectcaacct aggectecat gaccagatec tcctgetgea atgggtccaa gaaaacatceg 1980
cacatttcaa cggcgaccca acccaagtca ctcetaatcgg ccteteegee ggegegeact 2040
ccgtatgeee ccttctaaga tacaaataga actcagtcecc ctacccccaa actaacgeca 2100
cacagatagc ccaccacatc atgaactaca acccaccaaa caccccecte tttcaccgeg 2160
ccatcatcga atceggegee gecacctece gegeecgteca ccectacaac gecteectee 2220
acgaatccca attcacagac ttcctcactg aaacgggetg cactaacctc cccgacactg 2280
ccattttgee ctgtctecge geccteccat ccteagecat taccaccgee tccatcteeg 2340
tcttcgacaa atacaaccce tccatecget gggectteea accegteate gaccacgaga 2400
tcatccaccg ccggcccate gacgectgge getcaggaaa gtggaatagg atgeccatee 2460
taacgggctt caactcgaac gaggggacat actacgtcce tegeaaccte tetctctecg 2520
aggatttcac ttcgttctte cgaaccctee tececgegta cccegagage gacatccaga 2580
ccatcgatga gatctaccce gatccgaatg tatatgctac ggegtcegeca tacctegaga 2640
- caaggceegat cccgagtcta ggaaggcagt ttaagegget ggaggeggeg tatgggeatt 2700
atgcgtatge gtgtccagta cggcagacgg cggggtttgt tgctaatgat gatggttgtg 2760
gtgagccggt gtttttgtat cgctgggegt tgaataagac tgttattgga ggcgegaace 2820
atggtgatca gatggagtat gagacgttta atcctgcggt tagggatatt tcggaggctc 2880
agagggaggt tgcggggttg tttcatgegt atgtgacttc gtitgtogtg catggggatce 2940
cgaatgttct ggggggtagg tatgagggga gggaggtttg ggagaggtat agtggggagg 3000
gaggggaggt gatggtgtit ggggagggga atgatgaacyg tgctgggggg gatggagtig 3060
gggttgegge gaggttgaag agggatgagt ggggggtgaa ggagtgtgga ttttggtctg 3120
ggaggagtgg gatttccgag tgatggtttg tttatatata gtctagtgga aggggatgta 3180
tatactgtag tcactatctg tagaacttta cttggtgtgt agatagtaaa tactacaact 3240
gctgaagacc ttgggataga acgacatgct gtttaatcct caaccctgac tagatatatt 3300
gtgcattact tgcatccCacg cctaacat™ — — . 3328
<210> 23
<211> 1779
<212> DNA
<213> Aspergillus niger
<220>
<221> CDS
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<400> 23
atg ctg aat gca cgc tee att gct ctg gce teg ttg cca gtit ctt cte

Met Leu Asn Ala Arg Ser Ile Ala Leu Ala Ser Leu Pro Val Leu Leu -

1 ) 10 15

cta cta ttc gee cag caa ctt gee tct cac cca acc gag cag att caa
Leu Leu Phe Ala 61n Gin Leu Ala Ser His Pro Thr Glu GIn Ile &in

20 25 30
gce att ctg get ccg tgg gtc ccg gee gea cta caa gat gtc gtg cte
Ala Ile Leu Ala Pro Trp Val Pro Ala Ala Leu GlIn Asp Val Val Leu
35 40 45
tat aat cga cct cgc gtc ata atc ccc cag ggc act gtc gtc ggc acg
Tyr Asn Arg Pro Arg Val Ile Ile Pro Gin Gly Thr Val Val Gly Thr
50 55 60

acc ttg aca gac acg ctc aag tcc ccg gta gat gct ttc cga gga att
Thr Leu Thr Asp Thr Leu Lys Ser Pro Val Asp Ala Phe Arg Gly Ile
65 70 75 80

cca tac gca ttg cct cca att ggg gat aga cgg ttt cgc cgt gcg gag
Pro Tyr Ala Leu Pro Pro Ile Gly Asp Arg Arg Phe Arg Arg Ala Glu

85 90 95
gct gtc cat geg acg gac gag att atc gat gct agt gaa ttc gge cca
Ala Val His Ala Thr Asp Glu Ile Ile Asp Ala Ser Glu Phe Gly Pro
100 - 105 110
agg tgc cct gga asg cag ctc ttg aat cca aat gac ata ggt ggt gat
Arg Cys Pro Gly Lys G6In Leu Leu Asn Pro Asn Asp Ile Gly Gly Asp
115 - 120 125
gaa gac tgt ctc aca gtc aat gtc ttc cgg cct cat ggc gct cag gga
Glu Asp Cys Leu Thr Val Asn Val Phe Arg Pro His Gly Ala GIn Gly
130 135 140

aaa ctc cct gtc get gta tac gtg cac ggc gga gec tac aat cgc gge

Lys Leu Pro Val Ala Val Tyr Val His Gly Gly Ala Tyr Asn Arg Gly
145 150 155 160
act gct aaa tat cca gcc tec gga cac aac acg gec tcg atg gtc gge

——————Thp-Ata-tys Tyr-Pro-Ata—Ser-Gty-His—Asn—Thr-Ata—Ser-Met -Val Gly

165 170 - 175
tgg tcg gac gag ccc ttc gtt gca gtc age ttc aac tac cgc atc ggc
" Trp Ser Asp Glu Pro Phe Val Ala Val Ser Phe Asn Tyr Arg Ile Gly
180 185 190
gce cte gge tte cte cca tec ace cta acc gec aaa gaa gga atc ctc
Ala Leu Gly Phe Leu Pro Ser Thr Leu Thr Ala Lys Glu Gly Ile Leu
195 200 . 205
aac cta ggc ctc cat gac cag atc ctc ctg ctg caa tgg gtc caa gaa
Asn Leu Gly Leu His Asp GIn Ile Leu Leu Leu GIn Trp Val Gln 6lu
210 215 .. 220
aac atc gca cat ttc aac ggc gac cca acc caa gtc act cta atc gge

401 |

48

96

144

192

240

288

336

384

432

480

- 528
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624

672

720
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Asn Ile Ala His Phe Asn Gly Asp Pro Thr Gln Val Thr Leu Ile Gly -

225 230 235 240

ctc tee gee gge geg cac tee ata gee cac cac atc atg aac tac aac

Leu Ser Ala Gly Ala His Ser Ile Ala His His Ile Met Asn Tyr Asn
245 250 255

cca cca aac acc ccc ctc ttt cac cge gee atc atc gaa tcc gge gee

Pro Pro Asn Thr Pro Leu Phe His Arg Ala Ile Ile Glu Ser Gly Ala

260 265 270
gce ace tee cge gee gte cac cec tac aac gee tee cte cac gaa tee
Ala Thr Ser Arg Ala Val His Pro Tyr Asn Ala Ser Leu His Glu Ser
275 280 285
caa ttc aca gac tic ctc act gaa acg ggc tge act aac ctc ccc gac
GIn Phe Thr Asp Phe Leu Thr Glu Thr Gly Cys Thr Asn Leu Pro Asp
290 295 300

act gcc att ttg ccc tgt cte cge gee cte cea tee tea gee att ace

Thr Ala Ile Leu Pro Cys Leu Arg Ala Leu Pro Ser Ser Ala Ile Thr

305 310 315 320

acc gece tec atc tee gte tte gac aaa tac aac ccc tec atc cge tgg

Thr Ala Ser Ile Ser Val Phe Asp Lys Tyr Asn Pro Ser Ile Arg Trp
325 330 . 335

gce ttc caa ccec gtc atc gac cac gag atc atc cac cgc cgg ccc atc

Ala Phe GIn Pro Val Ile Asp His Glu Ile Ile His Arg Arg Pro Ile

340 345 350
gac gcc tgg cgc tca gga aag tgg aat agg atg ccc atc cta acg ggc
Asp Ala Trp Arg Ser Gly Lys Trp Asn Arg Met Pro Ile Leu Thr Gly
355 360 365

ttc aac tcg aac gag ggg aca tac tac gtc cct cgc aac cte tct cte

Phe Asn Ser Asn Glu Gly Thr Tyr Tyr Val Pro Arg Asn Leu Ser Leu
370 375 380 .

tce gag gat ttc act tcg ttc ttc cga acc cte ctc cce geg tac cce

Ser Glu Asp Phe Thr Ser Phe Phe Arg Thr Leu Leu Pro Ala Tyr Pro

385 390 : 385 400

"gag agc gac atc cay ace at¢ gat gag atc tacccc-gat-ccgdatgta——

Glu Ser Asp Ile GIn Thr Ile Asp Glu Ile Tyr Pro Asp Pro Asn Val
. 405 410 415
tat gct acg geg tcg cca tac ctec gag aca agg ccg atc ccg agt cta
Tyr Ala Thr Ala Ser Pro Tyr Leu Glu Thr Arg Pro Ile Pro Ser Leu
420 425 430
gga agg cag ttt aag cgg ctg gag gcg gecg tat ggg cat tat geg tat

- Gly Arg GIn Phe Lys Arg Leu Glu Ala Ala Tyr Gly His Tyr Ala Tyr

435 440 445
gcg tgt cca gta cgg cag acg geg ggg ttt git gct aat gat gat ggt
Ala Cys Pro Val Arg GIn.Thr Ala Gly Phe Val Ala Asn Asp Asp Gly
450 455 460 -

41m

768
816
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91?
| 960
1008
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tgt ggt gag ccg gtg ttt ttg tat cgc tgg geg ttg aat aag act git 1440
Cys 61y Glu Pro Val Phe Leu Tyr Arg Trp Ala Leu Asn Lys Thr Val
465 470 475 480
att gga ggc gecg aac cat ggt gat cag atg gag tat gag acg ttt aat 1488
Ile Gly Gly Ala Asn His Gly Asp GIn Met Glu Tyr Glu Thr Phe Asn
485 490 . 495
cct geg gtt agg gat att tcg gag gct cag agg gag gtt gcg ggg ttg 1536
Pro Ala Val Arg Asp Ile Ser Glu Ala GIn Arg Glu Val Ala Gly Leu
500 505 510
ttt cat gcg tat gtg act tcg ttt gtg gtg cat ggg gat ccg aat gtt 1584
Phe His Ala Tyr Val Thr Ser Phe Val Val His 61y Asp Pro Asn Val
_ 515 520 525

) ctg ggg ggt agg tat gag ggg agg gag gtt tgg gag agg tat agt ggg 1632

Leu Gly Gly Arg Tyr 6lu Gly Arg Glu Val Trp Glu Arg Tyr Ser Gly -
530 535 540 ~
gag gga ggg gag gtg atg gtg ttt ggg gag ggg aat gat gaa cgt gct 1680
Glu Gly Gly Glu Val Met Val Phe Gly Glu Gly Asn Asp Glu Arg Ala
545 550 555 560
ggg gog gat gga gtt ggg gtt gcg gecg agg ttg aag agg gat gag tgg 1728
Gly Gly Asp Gly Val Gly Val Ala Ala Arg Leu Lys Arg Asp 6lu Trp
565 570 575
ggg gtg aag gag tgt gga ttt tgg tct ggg agg agt ggg att tcc gag 1776
Gly Val Lys Glu Cys Gly Phe Trp Ser Gly Arg Ser Gly Ile Ser Glu , ’
580 585 590

tga 1779 -

T <210> 24
. <211> 592
<212> PRT
<213> Aspergillus niger

<400>,2* - —— —— e = - e ree e o
Met Leu Asn Ala Arg Ser Ile Ala Leu Ala Ser Leu Pro Val Leu Leu
1 5 10 15
Leu Leu Phe Ala GIn GIn Leu Ala Ser His Pro Thr Glu GIn Ile GIn
20 25 30
Ala Ile Leu Ala Pro Trp Val Pro Ala Ala Leu Gln Asp Va’l Val Leu
35 .40 45
Tyr Asn Arg Pro Arg Val Ile Ile Pro GIn Gly Thr Val Val Gly Thr
50 55 60
Thr Leu Thr Asp Thr Leu Lys Ser Pro Val Asp Ala Phe Arg Gly Ile
65 . 70 75 80 .
Pro Tyr Ala Leu Pro Pro Ile Gly Asp Arg Arg Phe Arg Arg Ala Glu

©o4a2m
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85 90 _ 95
Ala Val His Ala Thr Asp Glu Ile Tle Asp Ala Ser Glu Phe Gly Pro
100 105 110

Arg Cys Pro Gly Lys GIn Leu Leu Asn Pro Asn Asp Ile Gly Gly Asp

115 , 120 125
6lu Asp Cys Leu Thr Val Asn Val Phe Arg Pro His Gly Ala Gln Gly
130 . 135 140
Lys Leu Pro Val Ala Val Tyr Val His Gly Gly Ala Tyr Asn Arg Gly
145 150 155 160
Thr Ala Lys Tyr Pro Ala Ser Gly His Asn Thr Ala Ser Met Val Gly
165 170 175
Trp Ser Asp Glu Pro Phe Val Ala Val Ser Phe Asn Tyr Arg 1le Gly
180 185 190
Ala Leu Gly Phe Leu Pro Ser Thr Leu Thr Ala Lys Glu Gly Ile Leu
195 200 205
Asn Leu Gly Leu His Asp GIn Ile Leu Leu Leu Gln Trp Val GIn 6lu
210 215 : 220
Asn Ile Ala His Phe Asn Gly Asp Pro Thr GIn Val Thr Leu Ile Gly
225 230 235 240
Leu Ser Ala Gly Ala His Ser Ile Ala His His Ile Met Asn Tyr Asn
245 250 255
Pro Pro Asn Thr Pro Leu Phe His Arg Ala Ile Ile Glu Ser Gly Ala
: 260 265 270
Ala Thr Ser Arg Ala Val His Pro Tyr Asn Ala Ser Leu His Glu Ser
275 280 285
GIn Phe Thr Asp Phe Leu Thr Glu Thr Gly Cys Thr Asn Leu Pro Asp
290 295 300 :
Thr Ala Ile Leu Pro Cys Leu Arg Ala Leu Pro Ser Ser Ala Ile Thr
305 310 315 A 320
Thr Ala Ser Ile Ser Val Phe Asp Lys Tyr Asn Pro Ser Ile Arg Trp
325 330 335

Ala Phe Gln Pro Val Tle Asp His Glu Ile Ile His Arg Arg Pro Ile

34— —— - —H5 * 350
Asp Ala Trp Arg Ser Gly Lys Trp Asn Arg Met Pro Ile Leu Thr Gly
355 360 365
Phe Asn Ser Asn Glu Gly Thr Tyr Tyr Val Pro Arg Asn Leu Ser Leu
370 375 380
Ser Glu Asp Phe Thr Ser Phe Phe Arg Thr Leu Leu Pro Ala Tyr Pro
385 390 395 ) 400
Glu Ser Asp Ile Gin Thr Ile Asp Glu Ile Tyr Pro Asp Pro Asn Val
. : 405 410 415
Tyr Ala Thr Ala Ser Pro Tyr Leu Glu Thr Arg Pro Ile Pro Ser Leu
420 . 425 430
Gly Arg GIn Phe Lys Arg Leu Glu Ala Ala Tyr Gly His Tyr Ala Tyr

Exg)]
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435 440 445
Ala Cys Pro Val Arg GIn Thr Ala Gly Phe Val Ala Asn Asp Asp Gly
450 _ 455 460 .
Cys Gly Glu Pro Val Phe Leu Tyr Arg Trp Ala Leu Asn Lys Thr Val
465 470 475 480
Ile Gly Gly Ala Asn His Gly Asp GIn Met Glu Tyr Glu Thr Phe Asn
485 490 495
Pro Ala Val Arg Asp Ile Ser Glu Ala Gin Arg Glu Val Ala Gly Leu
500 505 ' 510
Phe His Ala Tyr Val Thr Ser Phe Val Val His Gly Asp Pro Asn Val
515 520 525
Leu Gly Gly Arg Tyr Glu Gly Arg Glu Val Trp Glu Arg Tyr Ser Gly
530 535 540
Glu Gly Gly Glu Val Met Val Phe Gly Glu Gly Asn Asp Glu Arg Ala
545 550 555 560
Gly Gly Asp Gly Val Gly Val Ala Ala Arg Leu Lys Arg Asp Glu Trp
565 570 575
Gly Val Lys Glu Cys Gly Phe Trp Ser Gly Arg Ser Gly Ile Ser Glu
580 585 590

<210> 25

<211> 3932

<212> DNA

<213> Aspergillus niger

<400> 25 .
- cagataacgt tttgagtttg gggatcttga ttatctcggce tccaaacaga ctcgectate
cgagagatca agtacataat gcaactagct attagtcaaa tataacgceg geagaagict

attttgtcct tttctctttc tttoctcgaa gaaaaccegt ggattaactt gagecggteg

gcctcaaagt cggctcaacc ggegegttge caactttaaa tgcagacaac catcgtttcc
ggcegttgtg ggggegatgt agatcagatc caaattccca aaacatccat ggggtaaatc
aagaattgag gttacatcga ccgataggge tcttaatcca accctcttca cggggaaaac
-cttctatatg atacatggtttactcctetgtttctettcctecceggagg tgccaaatee
gggcgcatcg tgtctattct tagcaaccag cgaatttgac aaattgatcc aatcccatag
aatcagagta actctacaac ccaatcagtc gectaatacg cacagcaaaa gaagatgeat
. tcggacagec aacgcaagaa aagagattaa aaaaaaaadd adadaadaaa aaadaaaaaa
aaaaggecte ccctcatcac cteaccaaag tegeaatcaa tcagcgacca ctagetacat
cgcgactgaa cgatagcatt ccgcatggtg ttaaagttca agacagttge tatgcttgee
cgaaccttta cacattcttg ccctttecgt agaattccaa gctcategga cagagagtag
tgtttctgtg aatgtggtgg tttaccaccg ttacctctge tgtctatcac ttgetectac
ccctgagcac aggcaccata gttacaacac ccccacgggg ccatigtetg ttttcagett
cagcttogtc gacaatggac tgtcatatcc cctcatctca aaagaatgtc ggaaacactg
tatggcatgg cgtgtgggaa ccgatcaatt tgtataatat cttaggccca cctctteece
tcegagaggt ttgacatcag goggttteag agatagtccg tcgatattta tggcttecte

44711
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tgtcttcttg ccgctacttg cggecteatt actgeccaca ctegetteta cacagaatge
cgatacaccg acatccgete ctactgtgea agtcegeaat ggcacatacg agggtctcta
taatcccacg tacaatcagg acttgttect cggeataceg tatgegceage ctccggttgg
tgagctacga ttccgtccac cacaaccget caacacgacg tggactggea ctegaaatge
aacagcctat tacaatgaat gtatcggtta tggtagcgac gactggtatt ggaccgacgt

agtctcegaa gattgtcteg ctctcagtgt gattcgacct cacggeateg actcaagege .

gaagctgcee gtegtcttet ggatgeatgg tggagaatte gcagaaggag gcactcgcga
ctceegttac aacctetect acatcgteca acaatcecag gagatgcaat ctcccatcat
tggcegtgact gtcaactace gecttteggg atggggattc ctetatagec aggaagtcge

‘cgacgaaggc tecgecaact taggactecg cgaccaacgg cacgetetgt actggeteca

agagaatatc gcttccttcg geggegacce gtegeggete accatctggg gecaaagtge
cggtgccaac agegteggte tecatttagt ggcatacgac ggccagaatg atggeatcett
ccgtgeeggg atcgecgaga geggeteegt accctecete gecageataca tgagegecga
agatgcacaa ccatactatg atgcegtegt caacgcaacc aactgeaceg getcttccaa
cacccttact tgtctecegtg aagttcccac cgacgtecte agctccatet teaacagete
cctegteget ggggcaggat atcatecegt cattgacgge gatttectca gagecteggg
gatagttaat ctccagactg gccaattcge cazaaccecy cttcttateg gecaccaactt

© Cgacgaaggg accaagtatg cccctcatgg ctataatacc accgaccaat ttgtcteect

cgtccaagee aacggaacca attataccag cgetctcace attgeateee tgtacccaga

‘tgacccagee gttggtattc cgggaaccet tcaaggtegt ccoccacegt catacggtta

ccagtggaag cgegtggetg ccttectegg cgatctgete atgeacgege ctegecgegt
gacaacccag tggctggcac actggaatgt acctgectac gtgtatcact ggaacgtgat
gacactaggg ccattagatg gagccgegea tggctatgaa gtccocttca gtttecataa
ttatgatggt ttgggcgatg aacggggaaa cgacagegtg acctggecac aactatcgac
tatgatgtca cggatgtggg tgagctttat taatcatttg gatccgaatt atagtaatag
tgagtgattt gccecaccta cctetggaca ctgctttagg agcttgaggg taaggaagga
tgctgacacg ctgctctget agtgacggat atccactgge ctgtctacac aacagaaacc
ccgcaaaata tggtctttga tgtcaatgtg actggactgg cttatgtiga accagatacc
tatagagcgg agggaattge gtatatcact agcattctgc agagtgectt taatcggtag
ggtagactag aggcttcaat atcaatagat atcacacata caggagagca gcccatgttt
ccctecagat caagagctat tccgttaaaa ggtagtgeat ccccgeaccg gggggaagge
cggggagtgc ttacctctgt gtgaaactag aattccagca acgatggttt tagaaaggee

cgtgccaagg atgttaacag ctgctgttga ggcaactcta gaaaccccat agacctttac
tatctegetg actagagggt acagtaggtc ctactttgaa ttecttggeg gttgggattt
cgcggaaggt tgtctcaacc ctcaatgett gtcacgacag acggetigge aatgagacga
gaccacgggc gattgacatg tgtcaagcag tagctatcgg gaatctgaaa aagcatgget
gtcatggact ttgcaggcaa aggctgtctg ttctagacca tcggctagag cgeggtgage

atactaggeg agctgaaaag cctagaageg gttgecggtt atcegetitg tttgtgeect

tteegtttee gdgegtagge aatcacattt aggcaatgec gtgtgggect tggagatcte
acctaacctt attgcatttt acctcacggt gatacaacct gagtgactat cagggaaact
gagcctattg atcatcacat attagcacca cacaaagctg ccaaggaaca atagtaatgt
gagcgecaag gagatatctt tgaactttgt ctccagatct tgtactacat acccagecag
acaggggttc gtatcgatgg ctccacageg ggatatcatg aatcttcatg tegtecacgac
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tcataccteg agegataggg cegggtatta ctecatctgg aaattgtcat gactgtagag
ctcagctgtc cgggatacga gcattatceg tcagtttata aattccaggg ccatcctget
caatctcaac atgtgggctc ttacgetgtc atcatattag ttagggtcca agagaatcac

agaatcattg gcattgttct tcatcgttce aa

<210> 26

<Z11> 1518

<212> DNA

<213> Aspergillus niger

<220>
<221> CDS
<222> (1)..(1518)

<400> 26 -

atg get tec tet gic tte ttg ccg cta ctt geg gee tea tta ctg ccc
. Met Ala Ser Ser Val Phe Leu Pro Leu Leu Ala Ala Ser Leu Leu Pro
1 5 10 15

aca ctc gct tct aca cag aat gcc gat aca ccg aca tce get cet act
Thr Leu Ala Ser Thr &1n Asn Ala Asp Thr Pro Thr Ser Ala Pro Thr

20 25 30
gtg caa gtc cgc aat gge aca tac gag ggt ctc tat aat ccc acg tac
Val Gin Val Arg Asn &1y Thr Tyr Glu Gly Leu Tyr Asn Pro Thr Tyr
35 40 45
aat cag gac ttg ttc ctc ggc ata ccg tat geg cag cct ccg gtt ggt
Asn Gln Asp Leu Phe Leu Gly I1e Pro Tyr Ala GIn Pro Pro Val Gly
50 55 60

gag cta cga ttc cgt cca cca caa ccg ctc aac acg acg tgg act gge
Glu Leu Arg Phe Arg Pro Pro Gln Pro Leu Asn Thr Thr Trp Thr Gly
65 70 75 BO
act cga aat gca aca gec tat tac aat gaa tgt atc ggt tat ggt age

3780
3840
3900
3932

96

144

192

240

288

- <-———Thp-Arg-Asn-Ala-Thr-Ala Tyr-Tyr -Asn-6lu-Cys- He Gly-Fyr-Gly-Ser—-

85 90 a5
gac gac tgg tat tgg acc gac gta gtc tcc gaa gat tgt ctc gect cte
Asp Asp Trp Tyr Trp Thr Asp Val Val Ser Glu Asp Cys Leu Ala Leu
100 105 110
agt gtg att cga cct cac ggc atc gac tca age geg aag ctg cce gte
Ser Val Ile Arg Pro His Gly Ile Asp Ser Ser Ala Lys Leu Pro Val
115 - 120 -125
gtc ttc tgg atg cat ggt gga gaa ttc gca gaa gga ggc act cge gac
Val Phe Trp Met His Gly Gly Glu Phe Ala Glu Gly Gly Thr Arg Asp
130 © 135 140 .
tce cgt tac aac cte tee tac ate gtc caa caa tce cag gag atg caa

384

432

480 .
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Ser Arg Tyr Asn Leu Ser Tyr Ile Val GIn GIn Ser GIn Glu Met GIn
145 150 155 : 160
tct ccc atc att gge gtg act gtc aac tac cge ctt teg gga tgg gga

Ser Pro Ile Ile Gly Val Thr Val Asn Tyr Arg Leu Ser Gly Trp Gly

165 170 - 175
ttc cte tat age cag gaa gtc gec gac gaa ggc tec gec aac tta gga
Phe Leu Tyr Ser GIn Glu Val Ala Asp Glu Gly Ser Ala Asn Leu Gly
180 . 185 190
ctc cgc gac caa cgg cac gct ctg tac tgg ctc caa gag aat atc gct
Leu Arg Asp Gln Arg His Ala Leu Tyr Trp Leu GIn 61u Asn Ile Ala
195 200 : 205
tcc ttec gge gge gac ccg teg cgg cte acc atc tgg gge caa agt gcc
- Ser Phe Gly Gly Asp Pro Ser Arg Leu Thr Ile Trp Gly GIn Ser Ala
210 215 220
ggt gcc aac age gtc ggt ctc cat tta gtg gea tac gac ggc cag aat
Gly Ala Asn Ser Val Gly Leu His Leu Val Ala Tyr Asp Gly GIn Asn
225 230 235 - 240
gat ggc atc ttc cgt geec ggg atc gec gag age gge tee gta cee tee
Asp Gly Ile Phe Arg Ala Gly Ile Ala Glu Ser Gly Ser Val Pro Ser
' 245 . - 250 255 |

ctc gca gca tac atg agc gcc gaa gat gca caa cca tac tat gat gbc '

Leu Ala Ala Tyr Met Ser Ala Glu Asp Ala GIn Pro Tyr Tyr Asp Ala
260 265 270

gtc gtc aac gca acc aac tgc acc ggc tet tec aac ace ctt act tgt

Val Val Asn Ala Thr Asn Cys Thr Gly Ser Ser Asn Thr Leu Thr Cys

275 280 , . 285

ctc cgt gaa gtt ccc acc gac gtc ctc age tec atc tic aac age tce

Leu Arg Glu Val Pro Thr Asp Val Leu Ser Ser Ile Phe Asn Ser Ser
290 295 300 '

ctc gtc gct ggg gea gga tat cat cce gte att gac ggc gat ttc cte

Leu Val Ala Gly Ala Gly Tyr His Pro Val Ile Asp Gly Asp Phe Leu

305 310 315 320

“————aga—gccteg-gggata-gtt-aat-ctc cag-act-gge caattcgcc—aaa-acc—:

Arg Ala Ser Gly Ile Val Asn Leu GIn Thr Gly 61n Phe Ala Lys Thr
32 330 335
ccg ctt ctt atc ggc acc aac ttc gac gaa ggg acc aag tat gec cct
Pro Leu Leu Ile Gly Thr Asn Phe Asp Glu Gly Thr Lys Tyr Ala Pro
340 345 350
cat ggc tat aat acc acc gac caa ttt gtc tec ctc gtc caa gec aac
His Gly Tyr Asn Thr Thr Asp GIn Phe Val Ser Leu Val GIn Ala Asn
. 355 360 © 365
g99a acc aat tat acc agc gct ctc acc att gea tec ctg tac cca gat
Gly Thr Asn Tyr Thr Ser Ala Leu Thr Ile Ala Ser Leu Tyr Pro Asp
370 375 380

4Tm

528

576

624

672

720

768

816

864

912

960

'd
{
.

1608-

1056

1104

1152
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gac cca gcc gtt ggt att ccg gga acc ctt caa ggt cgt cce cca ccg
Asp Pro Ala Yal Gly Ile Pro Gly Thr Leu &In Gly Arg Pro Pro Pro
385 390 395 400
tca tac ggt tac cag tgg asag cgc gtg gect gee tte ctc gge gat ctg
Ser Tyr Gly Tyr 6In Trp Lys Arg Val Ala Ala Phe Leu Gly Asp Leu
: 405 410 415
ctc atg cac geg cct cgc cgc gtg aca acc cag tgg ctg gca cac tgg

Leu Met His Ala Pro Arg Arg Val Thr Thr Gin Trp Leu Ala His Trp .

420 425 430
aat gta cct gee tac gtg tat cac tgg aac gtg atg aca cta ggg cca
Asn Val Pro Ala Tyr Val Tyr His Trp Asn Val Met Thr Leu Gly Pro

435 ‘ 40 445
tta gat gga gcc geg cat gge tat gaa gtc ccc ttc agt ttc cat aat
Leu Asp Gly Ala Ala His Gly Tyr Glu Val Pro Phe Ser Phe His Asn
450 455 460
tat gat ggt ttg ggc gat gaa cgg gga aac gac agc gtg acc tgg cca
Tyr Asp Gly Leu 61y Asp Glu Arg Gly Asn Asp Ser Val Thr Trp Pro
465 470 475 ' 480
caa cta tcg act atg atg tca cgg atg tgg gtg agc ttt att aat cat
GIn Leu Ser Thr Met Met Ser Arg Met Trp Val Ser Phe Ile Asn His
485 ) 490 495

ttg gat ccg aat tat agt aat agt gag taga
Leu Asp Pro Asn Tyr Ser Asn Ser Glu

500 505

<210> 27

<211> 505

<212> PRT

<213> Aspergillus niger

<400> 27

—Met-Ata—Ser—SerVatPhe teaProteuteuAlaAla—Ser teu LeuPro-
1 5 10 15

Thr Leu Ala Ser Thr GIn Asn Ala Asp Thr Pro Thr Ser Ala Pro Thr

20 Vo) 30
Val GIn Val Arg Asn Gly Thr Tyr 6lu Gly Leu Tyr Asn Pro Thr Tyr
35 40 45

Asn GIn Asp Leu Phe Leu Gly Ile Pro Tyr Ala Gin Pro Pro Val Gly
- 80 55 60 :

Glu Leu Arg Phe Arg Pro Pro GIn Pro Leu Asn Thr Thr Trp Thr Gly
65 70 . 75 80

Thr Arg Asn Ala Thr Ala Tyr Tyr Asn G6lu Cys Ile Gly Tyr Gly Ser

85 90 95

48

1200

1248

1296

1344

1392

1440

1488

1618
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~ Asp Asp Trp Tyr Trp Thr Asp Val Val Ser Glu Asp Cys Leu Ala Leu
100 105 110 '
Ser Val Ile Arg Pro His Gly Ile Asp Ser Ser Ala Lys Leu Pro Val
115 120 125 ‘
Val Phe Trp Met His Gly Gly Glu Phe Ala Glu Gly Gly Thr Arg Asp
130 135 140
Ser Arg Tyr Asn Leu Ser Tyr Ile Val Gln GIn Ser GIn Glu Met GIn
145 150 155 160
Ser Pro Ile Ile Gly Val Thr Val Asn Tyr Arg Leu Ser Gly Trp Gly
165 170 175
Phe Leu Tyr Ser Gln Glu Val Ala Asp Glu Gly Ser Ala Asn Leu Gly
180 - 185 190
Leu Arg Asp &1n Arg His Ala Leu Tyr Trp Leu GIn Glu Asn Ile Ala
195 200 205
Ser Phe Gly Gly Asp Pro Ser Arg Leu Thr Ile Trp Gly Gln Ser Ala
210 215 220
Gly Ala Asn Ser Val Gly Leu His Leu Val Ala Tyr Asp Gly Gin Asn
225 230 235 240
Asp Gly Ile Phe Arg Ala Gly Ile Ala Glu Ser Gly Ser Val Pro Ser
245 250 255
Leu Ala Ala Tyr Met Ser Ala Glu Asp Ala 61n Pro Tyr Tyr Asp Ala
- 260 265 270
Val Val Asn Ala Thr Asn Cys Thr Gly Ser Ser Asn Thr Leu Thr Cys
275 280 285 ‘
Leu Arg Glu Val Pro Thr Asp Val Leu Ser Ser Ile Phe Asn Ser Ser
290 295 - 300
Leu Val Ala Gly Ala Gly Tyr His Pro Val Ile Asp Gly Asp Phe Leu
305 310 315 320
Arg Ala Ser Gly Ile Val Asn Leu GIn Thr Gly GlIn Phe Ala Lys Thr
325 330 : 335
Pro Leu Leu Ile Gly Thr Asn Phe Asp Glu Gly Thr Lys Tyr Ala Pro
340 345 350

PCT/EP2003/809145

- "~‘—;HT§"GTy_Tm”Tiﬁ“TﬁF"A§p‘61‘{rPhe“ Val-Ser-ten Vat-Glnala Asp

355 360 365 .
Gly Thr Asn Tyr Thr Ser Ala Leu Thr Ile Ala Ser Leu Tyr Pro Asp
370 : 375 380
Asp Pro Ala Val Gly Ile Pro 61y Thr Leu GIn Gly Arg Pro Pro Pro
385 390 395 400
Ser Tyr Gly Tyr GIn Trp Lys Arg Val Ala Ala Phe Leu Gly Asp Leu
405 410 : 415
Leu Met His Ala Pro Arg Arg Val Thr Thr GIn Trp Leu Ala His Trp
420 425 430

Asn Val Pro Ala Tyr Val Tyr His Trp Asn Val et Thr Leu Gly Pro

435 . 440 445

49/M
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Leu Asp Gly Ala Ala His Gly .Tyr Glu Val Pro Phe Ser Phe His Asn

450 455 460
Tyr Asp Gly Leu Gly Asp Glu Arg 61y Asn Asp Ser Val Thr Trp Pro
465 470 475 480
Gin Leu Ser Thr Met Met Ser Arg Met Trp Val Ser Phe Ile Asn His
485 490 . 495
Leu Asp Pro Asn Tyr Ser Asn Ser 6lu
500 505

<210> 28

. <a1> 3091

} <212> DNA

 <Z213> Aspergillus niger

<400> 28

ggcgaacggg cctgagegtg cgtcggaggc agaagtagag ccgggactat ggatattgge 60
gaggaatata ttatagtaga ttatagggag tcgaatgcag ctcggattgg gttgttactt 120
tgagtcagat ggacattgtt ggaaaagatg aacgcgacgg gaaaaaaaca tgaggatttg 180
cggggatttc gtcacatgeg gaggcgegga ttttccecte cggatttact tcctcaactc 240
tectttctet ttcatttcca tecgatttga gtccaactca tctcactega agaatctcat 300
taatttcagg gtcctgctca geccagtcaa ggttccttag tttegatect tcagttggec 360
cgtcatgtce attgaccagg aatggagcaa gecccgatga ggatcggeca geggagacaa 420
ctgccaatce ttggtatceca tacccttaac agegcaatgg caccagetct ctgecgattc 480
acgtcatctg cacagectag ctgecgatta ggettgacce cttcteactt geggeatcag 540
tgccgetgat actageccce acagagtgtt totcccttcg actgtggcetc ggaacgtggg 600
ggcoggttec aagttcttat geccagagtt ggttggetag ccttgeteat ctgggtggec 660
agcacacctc ccatacaata ggatccgtgg tgttggcagg attcttgtca tttcgecatg 720
tcgaatcace gcatgeggaa ggaggacgec ttgecttgea atgttttcte cacatctgeg 780
accctattgt tcagaccctg gagecgattc cgegagatgt attectgecg ggccactgaa 840
agtgctttat aacgtctggg gtgtcctttt attgatgaga gcatgatctt tcgegttaca 900
gttctcacaa tcggttaaag caticgtgge cccgaggetc gttgcacaac acaatatgat 960

-—=—-=yrrettteat ctygeacegt tettetttet ctttggteta~gtagtatett-cteagaacce—1020- ——————

tacggtggac cttggctaca caagatataa aggcaaatct ctgcccaatg gtatcagtca 1080
gtggctgggg atacgctacg cggctgeace taccgggtct ctgeggttct ctgegecaca 1140
ggatcctgac acggtagatg gegttcaaga agcattcaag gtatggtitt ttctacaata 1200
aataaaaaga tatattgcga gtctgtgctt tgctaatacc cagggeacag catggtccce 1260
ggtgtgttce caccagccaa tatcccactc ccgeaggeac gtcegaggat tgtctcttec 1320
tcgatgtata cgctcccage teggtggaag ctactacgag getgecegtt ttegtttgga . 1380
ttcaaggagg cggcttcaat gccaactcca gececaacta caatggaaca ggattgatcg 1440
aagcggccaa tatgtccatg gtggtggtca ccttcaacta cagggtcggt ccgtacgggt 1500
tectctetgg atcegagatg ctggagggag gaagegtgaa caatggectg aaggaccaaa 1560
tcaaggtcct gaagtgggtg caagagcata tcagcaaggt atgeggacac tcaccaacce 1620
acagcaaatc accgctaatt gcagcegeag tttggaggeg atcccagtca cgttgttatc 1680

501
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ggcggcgaca gegeaggege agegtctate actctecatc tttcagecca cggtggcaga 1740
gacgacgaac tattccacge tgccgecgea gagtcccaaa getttgetee tatgttgace 1800
gtcaatcaaa gccaattcge ctataacaac ctggtcatcc gegecggetg cgcaagegat - 1860
tcagacacce tcgectgett acgecgacta aacaccacag aactgecageg catcaacate 1920
aacacaccct tacccaccge ccaacaagea cctctctace tgtacggtce cgtcgtegac 1980
gactcectca teccagacta cacatacegg cttttccage aaggeaaatt catcaaagtc 2040
cccgtaatct tcggcgacga caccaacgaa ggaacaatct tegtecccaa aacgacctec 2100
accgteggeg aagecgacac cttcatccaa gaccaattee ccaacatcaa cttcacccac 2160
ctaaccaage tgaacgactg gtatctcaaa gaaaaccaaa ctcgegagtt ccccaattec 2220
teecectact ggegteecge tageaccgeg tacggtgaaa teagatatat ctgtcegagg 2280
atctacatgt cctctgtgtt tgctagtgcc ggtgtcaaca gcetggaacta tcattatget 2340
‘gtgcaggacc ccgecgegga agectcagge agaggtgtca gtcatactgt ggaagaaaat 2400
gcecatttggg gecegeagta tgtgagtgge acaccgeegg cgtegtatet cactgagaat 2460 (
gcgecaattyg tgecggtgat gcagggetac tggacgagtt tcattagagt gtttgatcecg 2520
aatccgctga ggtatccggg gagtccggag tggaagacgt ggagtgatgg acatggggag 2580
gattatcgge ggatatttgt ccgcacgaat gagacgagga tggagacggt gtcggaggeg 2640
cagagggaaa ggtgcgaata ttggagtagt gttggaccgg acttgtcgca gtgattgeac 2700
ttattatctt tgttcggtgg taaggtatat atatagatag tataatattg taagctatag 2760
agtgatggta cgtgaattga atatatggag aaagatggtc ttgtataaat caaaacattc 2820
ttttttgget gecattccac gatcatcatt cccaatgatc amaccaagta actataaccg 2880
aatatataca tctatatcaa cctgcttctc atcagaatta ccaaaagacg ggtccggcac 2940
acacagctag accgagcaga tacgtcgaca tgaacccagg tgatgaaaca taatgcaaca 3000
aaagaaagag aaaagaagyc aaaacaagtg agaagcacta ctgctccaca tagagcagta 3060

aacgaacgat gaatgaggga tatcatcatc a 3091

<210> 29

<211> 1617

<212> DNA : -
<213> Aspergillus niger : : N
<220>

e 2> DSt e e e — s . .- N s

<222> (1)..(1617)

<400> 29

atg att ttc ttt cat ctg gca ccg ttc tte ttt cte ttt ggt cta gta 48

Met 1le Phe Phe His Leu Ala Pro Phe Phe Phe Leu Phe Gly Leu Val

1 5 10 ' 15
-gta tct tct cag aac cct acg gtg gac ctt ggc tac aca aga tat aaa 96

Val Ser Ser GIn Asn Pro Thr Val Asp Leu Gly Tyr Thr Arg Tyr Lys

. 20 25 30 :

ggc aaa tct ctg ccc aat ggt atc agt cag tgg ctg ggg ata cgc tac 144

Gly Lys Ser Leu Pro Asn Gly Ile Ser Gln Trp Leu Gly Ile Arg Tyr -

sun. -
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35 40 45
gcg gct gea cct acc ggg tet ctg cgg ttc tct geg cca cag gat cct
Ala Ala Ala Pro Thr Gly Ser Leu Arg Phe Ser Ala Pro Gln Asp Pro
50 55 60 :

gac acg gta gat ggc gtt caa gaa gca ttc aag cat ggt ccc cgg tgt
Asp Thr Val Asp Gly Val Gln Glu Ala Phe Lys His Gly Pro Arg Cys

65 70 75 80

gtt ccc acc agc caa tat ccc act ccc gea gge acg tce gag gat tgt
Val Pro Thr Ser GIn Tyr Pro Thr Pro Ala 6ly Thr Ser Glu Asp Cys

85 90 95
ctc ttc cte gat gta tac gct ccc age teg gtg gaa get act acg agg
Leu Phe Leu Asp Val Tyr Ala Pro Ser Ser Val Glu Ala Thr Thr Arg
100 105 110
ctg ccc gtt ttc gtt tgg att caa gga ggc gac ttc aat gee asc tee
Leu Pro Val Phe Val Trp Ile GIn Gly Gly Gly Phe Asn Ala Asn Ser
115 120 125
agc ccc aac tac aat gga aca gga ttg atc gaa gcg gecc aat atg tee
Ser Pro Asn Tyr Asn Gly Thr Gly Leu Ile Glu Ala Ala Asn Met Ser
130 135 A 140

atg gtg gtg gtc acc ttc aac tac agg gtc ggt ccg tac ggg tte cte
Met Val Val Val Thr Phe Asn Tyr Arg Val Gly Pro Tyr Gly Phe Leu
145 150 155 160
tct gga tcc gag gtg ctg gag gga gga agc gtg aac aat ggc ctg aasg

Ser Gly Ser Glu Val Leu Glu Gly Gly Ser Val Asn Asn Gly lLeu Lys

165 170 175
gac caa atc aag gtc ctg aag tgg gtg caa gag cat atc agc aag ttt
Asp GIn Ile Lys V3l Leu Lys Trp Val GIn Glu His Ile Ser Lys Phe
180 ' 185 190 .
gga ggc gat ccc agt cac gtt gtt atc ggc ggc gac agc gca ggc. gea
Gly Gly Asp Pro Ser His Val Val Ile Gly Gly Asp Ser Ala Gly Ala
195 200 205
gcg tct atc act ctc cat ctt tca gece cac ggt ggc aga gac gac gaa

210 215 - 220
cta ttc cac gct gec gee gea gag tcc caa age ttt get cct atg ttg
Leu Phe His Ala Ala Ala Ala Glu Ser GIn Ser Phe Ala Pro Met Leu
225 230 235 240
acc gtc aat caa agc caa ttc gec tat aac aac ctg gtc atc cge gee
Thr Val Asn GIn Ser GIn Phe Ala Tyr Asn Asn Leu Val Ile Arg Ala
' - 245 250 . 255 .-

ggc tgc gea agc gat tca gac acc ctc gec tge tta cge cga cta aac

Gly Cys Ala Ser Asp Ser Asp Thr Leu Ala Cys Leu Arg Arg Leu Asn

. 260 265 270 -

acc aca gaa ctg cag cgc atc aac atc aac aca ccc tta ccc acc goe

5271

192

240

288

336

384

432

480

528

576

624

672
= —Kta"Ser-T1e Thr teuHis teuSer-AlaHis 61y -Gly-Arg-Asp AspGtu———- " - -

720

768

816

864
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275

caa caa gca cct cte tac ctg tac ggt ccc gtc gtc gac ggc tee cte -

- 21078H0.ST25. txt
Thr Thr Glu Leu GIn Arg 11e Asn Ile Asn Thr Pro Leu Pro Thr Ala

280

285

PCT/EP2003/009145

GIn GIn Ala Pro Leu Tyr Leu Tyr Gly Pro Val Val Asp Gly Ser Leu

290

295

300

atc cca gac tac aca tac cgg ctt titc cag caa ggc aaa ttc atc aaa
Ile Pro Asp Tyr Thr Tyr Arg Leu Phe GIn 61n Gly Lys Phe Ile Lys

305

310

315

320

gtc ccc gta atc ttc ggc gac gac acc aac gaa gga aca atc ttc gtc
Val Pro Val Ile Phe Gly Asp Asp Thr Asn Glu Gly Thr Ile Phe Val

325

330

335

ccc aaa acg acc tcc acc gtc ggc gaa geé gac acc ttc atc caa gac
Pro Lys Thr Thr Ser Thr Val Gly Glu Ala Asp Thr Phe Ile GIn Asp

340

345

350

caa ttc ccc aac atc aac ttc acc cac cta acc aag ctg aac gac tég
GIn Phe Pro Asn Ile Asn Phe Thr His Leu Thr Lys Leu Asn Asp Trp

355

360 .

365

tat ctc aaa gaa aac caa act cgc gag ttc ccc aat tcc tee cce tac
Tyr Leu Lys Glu Asn Gin Thr Arg Glu Phe Pro Asn Ser Ser Pro Tyr

370

375

380

tgg cgt ccc gct age acc geg tac ggt gaa atc aga tat atc tgt ccg
Trp Arg Pro Ala Ser Thr Ala Tyr Gly Glu Ile Arg Tyr Tle Cys Pro

385

390

395

400

ggg atc tac atg tcc tct gtg ttt gct agt gec ggt gtc aac age tgg
Gly Ile Tyr Met Ser Ser Val Phe Ala Ser Ala Gly Val Asn Ser Trp

405

410

415

aac tat cat tat act gtg cag gac ccc gcc geg gaa gec tca gge aga
Asn Tyr His Tyr Ala Val Gln Asp Pro Ala Ala Glu Ala Ser Gly Arg

420

425

430

ggt gtc agt cat act gtg gaa gaa aat gcc att tgg ggc ccg cagAtat
Gly Val Ser His Thr Val 6lu Glu Asn Ala Ile Trp Gly Pro GIn Tyr

435

- -~— ———qtg-agt—ggc—aca—ccgccg—gcg-teg-tat—cte-act gag aat-gcg—cca—att——.———lﬂﬁ?z

440

445

Val Ser Gly Thr Pro Pro Ala Ser Tyr Leu Thr Glu Asn Ala Pro Ile

450

455

460

gtg ccg gtg atg cag ggc tac tgg acg agt ttc att aga gtg ttt gat
Val Pro Val Met GIn Gly Tyr Trp Thr Ser Phe Ile Arg Val Phe Asp

465

470

475

480

ccg aat ccg ctg agg tat ccg ggg agt ccg gag tgg aag acg tgg agt
Pro Glu Trp Lys Thr Trp Ser

Pro Asn Pro Leu

gat éga cat ggg gag gat tat cgg cgg ata ttt gtc cgc acg aat gag .

Arg
485

Tyr Pro Gly Ser

490

495

Asp Gly His Gly 6lu Asp'Tyr Arg Arg Ile Phe Val Arg Thr Asn Glu

500

505

sm

510

912

960

1008

1056

1104

1152

1200
1248
1296

1344

{

1440

" 1488

1536
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acg agg atg gag acg gtg tcg gag gcg cag agg gaa agg tgc gaa tat
Thr Arg Met Glu Thr Val Ser Glu Ala Glin Arg Glu Arg Cys Glu Tyr
5156 520 525
tgg agt agt gtt ggg ccg gac ttg tcg cag tga
Trp Ser Ser Val Gly Pro Asp Leu Ser Gin
530 535

<210> 30

<211> 538

<212> PRT

<213> Aspergillus niger

<400> 30
Met Ile Phe Phe His Leu Ala Pro Phe Phe Phe Leu Phe Gly Leu Val
1 5 10 15 -
Val Ser Ser GIn Asn Pro Thr Val Asp Leu Gly Tyr Thr Arg Tyr Lys
20 25 30
Gly Lys Ser Leu Pro Asn Gly Ile Ser GIn Trp Leu Gly Ile Arg Tyr
35 40 45
Ala Ala Ala Pro Thr Gly Ser Leu Arg Phe Ser Ala Pro GIn Asp Pro
50 55 60
Asp Thr Val Asp Gly Val Gin Glu Ala Phe Lys His Gly Pro Arg Cys
65 70 75 80
Val Pro Thr Ser GIn Tyr Pro Thr Pro Ala Gly Thr Ser Glu Asp Cys
: 85 90 .. 95

Leu Phe Leu Asp Val Tyr Ala Pro Ser.Ser Val Glu Ala Thr Thr Arg .

100 105 110
Leu Pro Val Phe Val Trp Ile Gin Gly Gly Gly Phe Asn Ala Asn Ser
115 120 125
Ser Pro Asn Tyr Asn Gly Thr Gly Leu Ile Glu Ala Ala Asn Met Ser
130 135 140

————Met~VaT-VaT-Vat-Thr-Phe-Asn—Tyr -Arg Val-Gly—Pro—Tyr-Gly-Phe Leu

145 150 155 160
Ser @ly Ser Glu Val Leu Glu Gly Gly Ser Val Asn Asn Gly Leu Lys
165 170 175
Asp GIn Ile Lys Val Leu Lys Trp Val GIn Glu His Ile Ser Lys Phe
180 185 190
Gly Gly Asp Pro Ser His Val Val Ile Gly Gly Asp Ser Ala Gly Ala
195 200 . © 205
Ala Ser. ITe Thr Leu His Leu Ser Ala His Gly Gly Arg Asp Asp Glu
210 215 . 220
Leu Phe His Ala Ala Ala Ala Glu Ser Gln Ser Phe Ala Pro Met Leu
225 230 -235 240

— ———— 54171
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Thr Val Asn GIn Ser GIn Phe Ala Tyr Asn Asn Leu Val Ile Arg Ala
245 250 255
Gly Cys Ala Ser Asp Ser Asp Thr Leu Ala Cys Leu Arg Arg Leu Asn
_ 260 265 270
Thr Thr Glu Leu GIn Arg Ile Asn Ile Asn Thr Pro Leu Pro Thr Ala
275 280 285
G1n 6In Ala Pro Leu Tyr Leu Tyr Gly Pro Val Val Asp Gly Ser Leu
290 ‘ 295 300
Ile Pro Asp Tyr Thr Tyr Arg Leu Phe GIn Glin Gly Lys Phe Ile Lys
305 310 315 320
Val Pro Val Ile Phe Gly Asp Asp Thr Asn Glu Gly Thr Ile Phe Val
325 330 335
Pro Lys Thr Thr Ser Thr Val Gly Glu Ala Asp Thr Phe Ile GlIn Asp
340 345 350
61n Phe Pro Asn Ile Asn Phe Thr His Leu Thr Lys Leu Asn Asp Trp
: 355 360 365 ‘
Tyr Leu Lys Glu Asn GIn Thr Arg Glu Phe Pro Asn Ser Ser Pro Tyr
370 375 380
Trp Arg Pro Ala Ser Thr Ala Tyr Gly Glu Ile Arg Tyr Ile Cys Pro
385 390 395 : 400
Gly Ile Tyr Met Ser Ser Val Phe Ala Ser Ala Gly Val Asn Ser Trp
405 410 415
Asn Tyr His Tyr Ala Val GIn Asp Pro Ala Ala Glu Ala Ser Gly Arg
420 ‘ 425 430.
Gly Val Ser His Thr Val Glu Glu Asn Ala Ile Trp Gly Pro Gln Tyr
435 440 445 _
Ya) Ser Gly Thr Pro Pro Ala Ser Tyr Leu Thr Glu Asn Ala Pro Ile
450 455 460
Val Pro Val Met Gin Gly Tyr Trp Thr Ser Phe Ile Arg Val Phe Asp
465 ' - 470 475 480
Pro Asn Pro Leu Arg Tyr Pro Gly Ser Pro Glu Trp Lys Thr Trp Ser
485 490 4395

—————Asp-Gly-His-Gly Glu-Asp-Tyr-Arg-Arg-Tte-Phe-Vat-Arg—thr-Asn-Glu——--
505

500 510
Thr Arg Met Glu Thr Val Ser Glu Ala GIn Arg Glu Arg Cys &lu Tyr
515 520 525
Trp Ser Ser Val Gly Pro Asp Leu Ser Gin
530 535

T <210> 31

<211> 4575

<212> DNA

<213> Aspergillus niger

5571 _
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<400> 31
gatgcaactt cagtgaaatt gagacgattg taactcatca tcgcatctca catggaaagg 60
ttgtacaccc aacaattaga cctcaacata tttcacggat attcctgcaa gatatataat 120
~aaagccatca ctccactttg gtagatatgt tagccaaccg ggtttgageg agtttcttga 180
atggactcat taagggtagg atcaattctg atgtccacaa ttggtcecta tttgecagat 240
gtaggcccag agaattcggt atcttgcaga tttgegatge tatcccggtt tecagtaaac 300
tattaggttc ggctcggtca caccagacag acacgactga cccatgeget gccaggaatc 360
ctgataggcc tagcagtccce gegtgcacat atcggettgg tagaaaagga tagecgtgaa . 420
tgtataatct ttcagatgac ggttaaatgc gtttctgtat ggtgagaage tgtgtagatg 480
ggagatgagc tgtaaatggc ttcgcagtgg caacctctag getgetgeag gecggaatac . 540
tgcatggcegt gattttcgte gtgaatcttg ttcatataca ggtgtaaaac acacgtaagg 600
) aaaatcttgt tatagcaggg ttgaaaacag ttgctagaat tggcagtgac tgttgeggtt 660
' gcaagggttt attttgcacc cttgaagtac actgegcttg gtcaaaggca aatcacccca 720
tcaagtaata aatatatatc tctgttatca agtcggctce tctagtagtg cagectcagt 780
_ acagacaaca gggactaaca gcactcttge tgttgagctt gagegcacct cacctttctce 840
tccggectet ttegtatttg geatttcaat ggectgttat gggacttctg agectgettg 900
attgagtgat atggtagtgc gagcgcaaaa aaggtgattt tcaaacacca tgatgcaaag 960
tcagaggtaa gtgcgagagg gagatcagga ggaggagagc tttatataag gccgegtagg 1020
cggcagagac ggcaagacat ctggtgaagt accagcattc agtgaatttt ataacagtat 1080
tatttgtcat cacgactctg cattgecttt aataagctcg gegtaatttg gtagggaccc 1140
taggtttgga tagccccagg ggggettggt gtcggttgtg gagettgetg cecgagatic 1200
attttacacc tagtcaggga tccgggeggg ttttatacct ccctggagge ggaatgtace 1260
tttgttatca ctgaaaattc cggccatttt gttctatttt actggctatg gggtttgeca 1320
ctatcgetcea catcctegea aggcacctee cgatactgea gtcaaacgtg ggagttgecg 1380
atagaaacta caagatcaaa tctcgttccc tgggttggac ggtcacattc ggtgaaagag 1440
gtttatcttc gctccaacca gecttteatg tcgggegete agtgcataag atccaageaa 1500
ttttaagcac tgtactccac tagtcacact gttttagcag tgcatgcttc tgaatcagga 1560
ctaaactccg atttttctca gtgaatactg ctaaagacaa ttatgatcct acagactatc 1620
tctgtgaaaa agcgcagtta acttctcgtc aatcatgaag ccattttgag cctttctecg 1680
tcaatcattc accectactg ttgactatat cagccctaag ggaataaaac atttgecgta 1740
gaggtgaact ataactcaat caatgactga aagcttaacg tatctcacaa ttcatctcac 1800
cgtgaagagt ~catttacatttacgatccag ccaggecgeg—ctgacatcag—caggegtgag———1860
agcgcatcca tgcttgeteg gacataagee gaatccattg catgatgega ccticecgaa 1920
agagtatggg tgtccgaact gaccatgtca gtggccccat atggctctca actacacgaa 1980 .
cacagacctt tatcagtccc ggtccccaca acttaaatcc ggagatgegg gggtgeagga 2040
atggaacacy gatacatgtg tggaatgtag gaccaaacaa attggctgtc gtggacattc 2100
gactcgactt gaccectcaa tgcgetggec ggaggactga gccatagggt ataagaacac 2160
cgtgatcact catgcctegt tatcgetttt ctatcattat gtctcgatat caggaagaca . 2220
tagcatgacc gtgaacacga tgaagggaat gctcccgacg cttagtiggt tggeactggg -2280
catggccage ctggeaacct gcaccaacce agtageccag acaaagaacg gaagttatta 2340
tggtgtctac atgectcagt ataatgagga ttatttictt ggaattccat ttgctaagec 2400
cccgttggea cacttgegtt gggccaacce cgagagtctt aatgagtctt ggtcgggatt 2460
gcgecctget accggetatg cgatggtaag tagectgaac agactgctaa acgaccatgt 2520
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acttactaac agcgcgtgtg ataggaatgt ataggttacg gcagtgatca aaaaggttat
ctgcaggtga ggatttgacg ccactttctt tacgctgttc tctactaacc agcaaaatag
agegaggact gtctctacct aaacgtggtc cgtccegetg aatacgacaa tgecagtctt
ccagtecttg tatggattca tggtatgtag tgaaatctac ctcaacgaca agttactece
gacgctgaat gaacaaaaca ggcggtgget tegeacaagg cggeactcee gaccttcegat
acaatcttac atttattgtt gaacactcgg tcaatatcog ccagccaatt atcgcagtga

gegttgecta tegtcteggt ccttggggtt tettcaatgg ggtcgagetc gecaatgagg

gatcgttaaa tctcgggetg aaggaccage gettggecct geattgggtg asagagaaca

ttgcaggttt
aatgacagtc
ggctccgaaa
cgcggaggea
acatatgagc
aaactggact
gccaacgaca
tatcccageg
accacggacg
gaatacctca
ataacaccaa
cgctectgga
gcggeaacgt
acggegacge

cggtagtggg tttccataaa gctattaaac gtacacagtc caaaattact

actcctatac aggcgaccct agtaaagtcg tgatttacgg acaaagtgec
gcgtgggata ccaaatcege gegtacaacy gccgagatga cgggctctte
tgatggagtc cggcgeggtg ttacctggea gtgecttgaa -cctcacctgg
cttggttcca gcaaatagca gacgaggcag gatgttocca gaccaccege
gtctacgeeg cacgeccttc acagtcctaa acaacattct gaacaccacc
cgacgcctta caactggagg cccacagtgg acggtgactt cgtagegega
agcaactcga cacaggagac ttcgtcaaag taccaatcat aatcggctac
aaggaacaac agagtgccca gaaccagtga acaccaccgc cgaattaaaa
gctgtacgta cctecttece ttecteectt atecceecat ceccatecca
cccagcaaca acaacctacg getgggecct cgactcacag gtagtatcct
cctctaccee aacaccacct cctteggeat cccatcatee gaagaactceg
caccttceca cagecctacg gegecgeatt ccgecagacg geageatact
ccagttcata gccgegacge getacacctg tgagctatgg gcggcacata

acctgacagc atattgctac cgattcaaca ccaagacaga cgattacaac agggaagaag
gcgtggegea tttcteggac gtgatcttea tcttcaacaa ccttaatggt tatgggttca
gtcegaacce gttcaccaat getccagaga getatactga gettagetac cteatgtecg
gctcgtggat cagcttcact aatagtctgg atcctaataa gtggactggt cgeggaagga
acgctacgaa gacggagaat tggccegtgt atgatctgga gaatcccttg agtatgatct
gggatgcgaa tgtcacttcg tatgeggege cggatacttg gegtaaggag ggtattgegt
tgattaatgc taatcggagg gegtatcaga ggtgaatgtg gtgtagettg cagcegttge
ctacttgttc gactttcaaa ctcaaaactt tctattgaga gagaaaattg tgcgaggaaa
gtactaccgc gggcagaaca ctctgegeac aggtccatat ctacaaacte actgaacaga
gtctatagca gattaggtag attgtcaage ttacatacag acataacccc accacaatat

tacgtcaata attcaaaaca gaatatgtca gctgtgcaca catccgacca ttacactagt
aaagtgagcg gcggce

<216> 32

<211> 1695 .
<212> DNA .
. <213> Aspergillus niger

<220>
<21> (DS

57m
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2580

2640

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440

- ————cgtogtaaga—tagcacattt—ctttaaagaa-gaagaaaaaa gatgaataca—tataatcgge—=——4500— -

4560
4575

.
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<400> 32
atg aag gga atg ctc ccg acg ctt agt tgg ttg gca ctg gge atg gee

Met Lys Gly Met Leu Pro Thr Leu Ser Trp Leu Ala Leu Gly Met Ala

1 5 10 15

agc ctg gca acc tge acc aac cca gta gcc cag aca aag aac gga agt
Ser Leu Ala Thr Cys Thr Asn Pro Val Ala GIn Thr Lys Asn Gly Ser

20 S 25 30 _
tat tat ggt gtc tac atg cct cag tat aat gag gat tat ttt ctt gga
Tyr Tyr Gly Val Tyr Met Pro GIn Tyr Asn Glu Asp Tyr Phe Leu Gly
35 40 45 A
att cca ttt gct aag ccc ccg ttg gea cac ttg cgt tgg gee aac cce
Ile Pro Phe Ala Lys Pro Pro Leu Ala His Leu Arg Trp Ala Asn Pro
50 55 60
gag agt ctt aat gag tct tgg tcg gga ttg cgc cct gct acc ggec tat
6lu Ser Leu Asn Glu Ser Trp Ser Gly Leu Arg Pro Ala Thr Gly Tyr
65 70 75 80
gcg atg gaa tgt ata ggt tac ggc agt gat caa aaa ggt tat ctg cag
Ala Met Glu Cys ITe Gly Tyr Gly Ser Asp GIn Lys Gly Tyr Leu GIn
85 90 95
agc gag gac tgt ctc tac cta aac gtg gtc cgt ccc get gaa tac gac
Ser Glu Asp Cys Leu Tyr Leu Asn Val Val Arg Pro Ala Glu Tyr Asp
100 105 110
aat gcc agt ctt cca gtc ctt gta tgg att cat ggc ggt ggc ttc geca

Asn Ala Ser Leu Pro Val Leu Val Trp Ile His Gly Gly Gly Phe Ala

115 120 L 125 _
caa ggc ggc act ccc gac ctt cga tac aat ctt aca ttt att gtt gaa
G1n Gly Qly Thr Pro Asp Leu Arg Tyr Asn Leu Thr Phe Ile Val Glu
130 135 : 140
cac tcg gtc aat atc ggc cag cca att atc gca gtg age gtt gee tat
His Ser Val Asn Ile Gly GIn Pro Ile Ile Ala Val Ser' Val Ala Tyr

48

9

144
192
240
288
336
384
432

480

345 350 . 156—- 360~
cgt ctc ggt cct tgg ggt ttc ttc aat ggg gtc gag ctc gee aat gag
Arg Leu Gly Pro Trp Gly Phe Phe Asn Gly Val Glu Leu Ala Asn Glu
165 170 175
gga tcg tta aat ctc ggg ctg aag gac cag cgc ttg gec ctg cat tgg
Gly Ser Leu Asn Leu Gly Leu Lys Asp GIn Arg Leu Ala Leu His Trp
180 185 190

g'tg aaa gag aac att gca ggt ttc ggt ggc gac cct agt aaa gtc gtg -

Val Lys Glu Asn Ile Ala Gly Phe Gly Gly Asp Pro Ser Lys Val Val
195 200 205

att tac gga caa agt gcc ggc tcc gaa age gtg gga tac caa atc cge _

Ile Tyr €1y GIn Ser Ala Gly Ser Glu Ser Val Gly Tyr GIn Ile Arg

58N ——

528

576

624

672
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210 A 215 _ 220
gcg tac aac ggc cga gat gac ggg ctc ttc cgc gga gge atg atg gag
Ala Tyr Asn Gly Arg Asp Asp Gly Leu Phe Arg Gly Gly Met Met Glu
225 230 235 240
tce gge geg gtg tta cct gge agt gec ttg aac cte acc tgg aca tat
Ser Gly Ala Val Leu Pro Gly Ser Ala Leu Asn Leu Thr Trp Thr Tyr

245 250 255
gag cct tgg ttc cag caa ata gca gac gag gca gga tgt tcc cag acc
Glu Pro Trp Phe GIn 61n Ile Ala Asp Glu Ala Gly Cys Ser Gin Thr
260 265 270
acc cgc aaa ctg gac tgt cta cgc cgc acg cee ttc aca gtc cta aac
Thr Arg Lys Leu Asp Cys Leu Arg Arg Thr Pro Phe Thr Val Leu Asn
275 280 285

aac att ctg aac acc acc gcc aac gac acg acg cct tac aac tgg agg
Asn Ile Leu Asn Thr Thr Ala Asn Asp Thr Thr Pro Tyr Asn Trp Arg

290 295 300
ccc aca gtg gac ggt gac ttc gta gcg cga tat ccc age gag caa ctc
Pro Thr Val Asp Gly Asp Phe Val Ala Arg Tyr Pro Ser Glu GIn Leu
305 310 315 320
gac aca gga gac ttc gtc aaa gta cca atc ata atc ggc tac acc acg
Asp Thr Gly Asp Phe Val Lys Val Pro Ile Ile Ile Gly Tyr Thr Thr

325 330 335
gac gaa gga aca aca gag tgc cca gaa cca gtg aac acc acc gec gaa
Asp Glu Gly Thr Thr Glu Cys Pro Glu Pro Val Asn Thr Thr Ala Glu
340 345 350 _
tta aaa gaa tac ctc agc tca aca aca acc tac ggc tgg gcc ctc gac
Leu Lys Glu Tyr Leu Ser Ser Thr Thr Thr Tyr Gly Trp Ala Leu Asp
385 360 365

tca cag gta gta tcc tcg cte ctg gac ctc tac ccc aac acc acc tee
Ser Gln Val Val Ser Ser Leu Leu Asp Leu Tyr Pro Asn Thr Thr Ser

370 375 380
ttc ggc atc cca tca tcc gaa gaa ctc gge ggc aac gtc acc ttc cca

720
768
816
864
912
961
1008
1056
1104
1152

1200

b
AN

385 390 395 400
cag ccc tac ggc gee gca ttc cge cag acg gca gea tac tac gge gac
GIn Pro Tyr Gly Ala Ala Phe Arg G1n Thr Ala Ala Tyr Tyr Gly Asp
405 410 415

gce cag ttc ata gec geg acg cge tac acc tgt gag cta tgg geg gea
Ala GIn Phe Ile Ala Ala Thr Arg Tyr Thr Cys Glu Leu Trp Ala Ala

1420 - 425 430 -
cat aac ctg aca gca tat tgc tac cga ttc aac acc aag aca gac gat

His Asn Leu Thr Ala Tyr Cys Tyr Arg Phe Asn Thr Lys Thr Asp Asp
. 445 .

435 . 440

tac aac agg gaa gaa 99¢ gtg gcg cat ttc tcg gac gtg atc tte atc :

59171 _.

1248

1296

1344

1392
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Tyr Asn Arg Glu Glu Gly Val Ala His Phe Ser Asp Val Ile Phe Ile
450 455 460

ttc aac aac ctt aat ggt tat ggg ttc agt ccg aac ccg ttc acc aat
Phe Asn Asn Leu Asn Gly Tyr Gly Phe Ser Pro Asn Pro Phe Thr Asn
465 470 - 475 480
gct cca gag agce tat act gag ctt age tac ctc atg tec gge teg tgg
Ala Pro Glu Ser Tyr Thr Giu Leu Ser Tyr Leu Met Ser Gly Ser Trp
485 490 495
atc agc ttc act aat agt ctg gat cct aat aag tgg act ggt cgc gga
Ile Ser Phe Thr Asn Ser Leu Asp Pro Asn Lys Trp Thr Gly Arg Gly
500 505 510
agg aac gct acg aag acg gag aat tgg ccc gtg tat gat ctg gag aat
Arg Asn Ala Thr Lys Thr Glu Asn Trp Pro Val Tyr Asp Leu Glu Asn
515 520 525
cce ttg agt atg atc tgg gat gcg aat gtc act tcg tat geg geg ccg
Pro Leu Ser Met Ile Trp Asp Ala Asn Val Thr Ser Tyr Ala Ala Pro
530 536 | 540
gat act tgg cgt aag gag ggt att gcg ttg att aat gct aat cgg agg
Asp Thr Trp Arg Lys 61u Gly Ile Ala Leu Ile Asn Ala Asn Arg Arg
545 ~ 550 555 560
gcg tat cag agg tga
Ala Tyr GIn Arg

<210> 33

<211> 564

<212> PRT

<213> Aspergillus niger

<400> 33
Met Lys Gly Met Leu Pro Thr Leu Ser Trp Leu Ala Leu Gly Met Ala
1 5 10 15

" 1440

1488

1536

1584

1632

1680

1695

20 25 30
Tyr Tyr Gly Val Tyr Met Pro G1n Tyr Asn Glu Asp Tyr Phe Leu Gly
35 40 45
Ile Pro Phe Ala Lys Pro Pro Leu Ala His Leu Arg Trp Ala Asn Pro
- 50 55 60
Glu Ser Leu Asn Glu Ser Trp Ser Gly Leu Arg Pro Ala Thr Gly Tyr
65 70 - : 75 80
Ala Met. Glu Cys Ile Gly Tyr Gly Ser Asp GIn Lys.Gly Tyr Leu GIn
85 . 90 95
Ser 6lu Asp Cys Leu Tyr Leu Asn Val Val Arg Pro Ala Glu Tyr Asp
100 . 105 110

~—--Ser -teu-Ata—Fhr-Cys—Thr-Asn-Pro-Vat-Ala-GIn—Thr-Lys-Asn-Gly-Sep-——=se
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Asn Ala Ser Leu Pro Val Leu Val Trp Ile His Gly Gly Gly Phe Ala
115 120 125
GIn Gly Gly Thr Pro Asp Leu Arg Tyr Asn Leu Thr Phe.Ile Val Glu
130 135 140

His Ser Val Asn Ile Gly Gln Pro Ile Ile Ala Val Ser Val Ala Tyr

145 150 155 : 160

Arg Leu Gly Pro Trp Gly Phe Phe Asn Gly Val Glu Leu Ala Asn Glu
165 170 175

Gly Ser Leu Asn Leu Gly Leu Lys Asp GIn Arg Leu Ala Leu His Trp

180 185 190
Val Lys Glu Asn Ile Ala Gly Phe Gly Gly Asp Pro Ser Lys Val Val
195 200 205
Ile Tyr Gly GIn Ser Ala Gly Ser 6lu Ser Val Gly Tyr GIn Ile Arg
210 215 220

Ala Tyr Asn Gly Arg Asp Asp Gly Leu Phe Arg Gly Gly Met Met Glu

225 230 235 240

Ser Gly Ala Val Leu Pro Gly Ser Ala Leu Asn Leu Thr Trp Thr Tyr
245 250 255

Glu Pro Trp Phe GIn GIn Ile Ala Asp Glu Ala Gly Cys Ser GIn Thr |

260 265 270
Thr Arg Lys Leu Asp Cys Leu Arg Arg Thr Pro Phe Thr Val Leu Asn
275 280 285
Asn Ile Leu Asn Thr Thr Ala Asn Asp Thr Thr Pro Tyr Asn Trp Arg
290 295 300
Pro Thr Val Asp Gly Asp Phe Val Ala Arg Tyr Pro Ser Glu GIn Leu
305 310 315 320

Asp Thr Gly Asp Phe Val Lys Val Pro Ile Ile Ile Gly Tyr Thr Thr

325 330 - 335
Asp 6lu Gly Thr Thr Glu Cys Pro Glu Pro Val Asn Thr Thr Ala Glu
340 345 350
Leu Lys Glu Tyr Leu Ser Ser Thr Thr Thr Tyr Gly Trp Ala Leu Asp
36 - 360 365

Ser Gin Val Val Ser Ser-teu teu-Asp-teu-Tyr-Pro-Asn—Fhr—thr-Ser
370 _ 375 380
Phe Gly Ile Pro Ser Ser 6lu Glu Leu Gly 61y Asn Val Thr Phe Pro
385 390 . 395 400
Gln Pro Tyr Gly Ala Ala Phe Arg GIn Thr Ala Ala Tyr Tyr Gly Asp
405 410 415
Ala-GIn Phe Ile Ala Ala Thr Arg Tyr Thr Cys Glu Leu Trp Ala Ala
420 425 - 430 .
His Asn Leu Thr Ala Tyr Cys Tyr Arg Phe Asn Thr Lys Thr Asp Asp
435 440 445

Tyr Asn Arg Glu Glu Gly Val Ala His Phe Ser Asp Val Ile Phe I]e‘

450 455 - 460

61N

et s o




WO 2004/018660 o PCT/EP2003/009145

~ 21078W0.5T25.txt
Phe Asn Asn Leu Asn Gly Tyr Gly Phe Ser Pro Asn Pro Phe Thr Asn
465 _ 470 475 480
Ala Pro Glu Ser Tyr Thr Glu Leu Ser Tyr Leu Met Ser Gly Ser Trp
485 490 495

17e Ser Phe Thr Asn Ser Leu Asp Pro Asn Lys Trp Thr Gly Arg Gly -

500 _ 505 510
Arg Asn Ala Thr Lys Thr Glu Asn Trp Pro Val Tyr Asp Leu Glu Asn

515 520 525
Pro Leu Ser Met Ile Trp Asp Ala Asn Val Thr Ser Tyr Ala A]a Pro
530 ' 540

Asp Thr Trp Arg Lys Glu G’ly Ile Ala Leu Ile Asn Ala Asn Arg Arg
545 550 : 555 . 560
Ala Tyr Gin Arg .

<210> 34
<211> 2371
<212> DNA
<213> Aspergillus niger
<400> 34
gcectgacat ggacggtgtc agatagagac cgttggaagg ctgaaccaca gggcacacgg 60
cacgttgagg accctgcatg ccggtgtatc cggataatgg cagataatcc cggctaattg 120
ggggcgacgg cagctacggce tcacaaattg tgatggaata gacacggcat gatgtttcaa 180
tgaagctcca aactttacag tgctaggetg taaacgtgat tataatcacg atgtaattga 240
ttatcatcta caactcaacc ccegeaccaa gaaatgaatc ctctegtcgg aagaaaaaga 300
cggcattcca gaagaacttt ttcctagata acaaacagta atcagtccat ccgtecctga 360
cgatcceccce atcgaaccte ggtaagacge tcgacccaaa aaccagaccg acaagetttt 420
caacctcect amacgaaaca acggctgtgt tgatcgtgaa cgtggtitgee tataccaata 480 .
cgagaaccat ataggataga aattgagttt accgtggaaa agccaccege tacagtttaa -540
ttaaccaacc cacccacatg cccaaggcac ctgtaacagg gactactgtc cagagagtgg 600
atagtggcta gtgggcagac gtcggatgaa ctccggaaga ccctaactga tacgtagaac 660
—-———categtgaac—ectggttigt-cectagticg gggegetatt—eceagegtag-aaaageggee—F20—— - ——sne =
gatcctctga aacagtittc ccccggggta tacttgetag ttagtcacta tcatacaaaa 780
gtagtgtagt ggacaagacc agggtctact actattagtt agttctgttt catcccgact 840
caattttgeg tcccaagacc ctgggttgtc cgggectgte ttgeccaaca cgagatgtat 900
ggagtaagta tggagggaga ctaacctcgg aatattcttg tctcttttta gtactatcta 960
gcecttagtg agactatage agtagtgaac cagagagaga gagagatgtc tatataagta 1020
cagtcgtaga tccctaaaca tgaccagett cagactcaga ctcgagcage cagtgcagtc 1080
cagtccactc tttcattctc accccttett tactatctta caataatttce tattcaataa 1140
gtctgcagtg cagcacccac.acacattcat tctctgagag ataaaaaata acasaatgagc . 1200
cccectcaaa tecctectee teggegecte cetggecace. ctegeecttt ceaccecact 1260
ggcadccgac gccgaaaace tctacgeacg tcaattcgge acgggctcta cagccaacga 1320
actcgagcag ggaagctgca aggatgtgac tctcatcttt gcgagggogt caactgaget -~ 1380

62/71.
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tgggaatatg gtatgcttgt tgcctgectt tacccgtact atactatccc agaacatacc
aagcacaaca tcacaaaaca tgtggagcca ggagctaatc agtggtgatg atgatatgat
gtagggcacc gtaatcggee cccctetetg cgacaacctg aaatccaaac tcggatccga
caaagtcgec tgccagggtg tcggeggeca atacagegee ggactegtge agaatgecct
" gceccagaac accgatcogg ggagtatcte cgecgegaag cagatgttcg aggaggcgaa
ttegaagtgt cccaatacta agattgttgc gggtggttat aggtatatat cectttecce
tttaccttce cccatatcaa tgctagaggc aaaggaatat catgctaatg tagatgttag
ggaaacagtc aaggaagcgc tgtgattgac aacgccgtge aagaactcag caccacegtg
aaagaccaag tgaagggtgt cgtgctcttc gggttcacga gaaacgtgca ggatcacggg
cagatcccta attaccctaa ggatgacgtg aaggtttatt gtgecgtgag cgatctggte
tgtgatgata cgttggttgt tacggcgatg catctgacgt atggcatgga tgegggtgat
gcggegaget ttttggecga gaaggtgcag tcttccagta gttcgactac tagctecage
teggatgeeg cgagtagttc atctgetgeg gggacgtegt cgtcgggott gtcgggactg
tettettttt ttggaggtct ctasatagaa ttagatgaga tgagtagtce gggtggggat
ttaggggatt gttgttcgtt tctcttggat gatttagttt ccgttattta cttagctggg
ataagatata tggtacatag tatagatgtg ttgtgatgtt attctggeta ttttgtacac
tttgacatga tctgcgatat gggagegtct a

<210> 35

<211> 789

<212> DNA

. <213> Aspergillus niger

<220>
- <221> CDS
<222> (1)..(789)

<400> 35

- atg gcc cec cte aaa tee cte cte cte ggec gee tee ctg gee ace cte
Met Ala Pro Leu Lys Ser Leu Leu Leu Gly Ala Ser Leu Ala Thr Leu
1 5 . 10 - 15

1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2371

(

Ala Leu Ser Thr Pro Leu Ala Thr Asp Ala Glu Asn Leu Tyr Ala Arg
20 25 30
caa ttc ggc acg ggc tct aca gcc aac gaa ctc gag cag gga agc tgc
Gln Phe Gly Thr Gly Ser Thr Ala Asn Glu Leu Glu G1In Gly Ser Cys
35 49 45
aag gat gtg act ctc atc ttt gcg agg ggg tca act gag ctt ggg aat
Lys Asp Val Thr Leu Ile Phe Ala Arg Gly Ser Thr Glu Leu Gly Asn
50 . 55 60
atg ggc acc gta atc gge ccec cct cte tgc gac aac ctg aaa tcc aaa .
Met Gly Thr Val Ile-Gly Pro Pro Leu Cys Asp Asn Leu Lys Ser Lys
65 70 75 80 -

96~

144

-192

240




WO 2004/018660 PCT/EP2003/009145

21078W0.5725.txt

. ctc gga tcc gac aaa gtc gec tge cag ggt gtc gge ggc caa tac age
Leu Gly Ser Asp Lys Val Ala Cys GIn Gly Val Gly Gly Gln Tyr Ser

90 95
gcc gga ctc gtg cag aat gcc ctg ccc cag aac acc gat ccg ggg agt
Ala Gly Leu Val GlIn Asn Ala Leu Pro GIn Asn Thr Asp Pro Gly Ser
100 105 ‘ 110
atc tcc gee geg aag cag atg ttc gag gag gcg aat teg aag tgt cce

Ile Ser Ala Ala Lys Gln Met Phe Glu Glu Ala Asn Ser Lys Cys Pro-

115 120 125
aat act aag att gtt gcg ggt ggt tat agt caa gga agc gct gtg att
Asn Thr Lys Ile Val Ala Gly Gly Tyr Ser Gln Gly Ser Ala Val Ile
130 : 135 140 -
gac aac gecc gtg caa gaa ctc agc acc acc gtg aaa gac caa gtg aag
Asp Asn Ala Val GlIn Glu Leu Ser Thr Thr Val Lys Asp GIn Val Lys
145 150 155 160
ggt gtc gtg ctc ttc ggg ttc acg aga aac gtg cag gat cac ggg cag
Gly Val Val Leu Phe Gly Phe Thr Arg Asn Val GIn Asp His Gly Gln
165 170 175
atc cct aat tac cct aag gat gac gtg aag gtt tat tgt gcc gtg ggc
Ile Pro Asn Tyr Pro Lys Asp Asp Val Lys Yal Tyr Cys Ala Val Gly
180 185 A 190
gat ctg gtc tgt gat gat acg ttg gtt gtt acg gcg atg cat ctg acg
Asp Leu Val Cys Asp Asp Thr Leu Val Val Thr Ala Met His Leu Thr
195 200 205 ,
tat ggc atg gat gcg ggt gat geg geg age ttt ttg gec gag aag gtg
Tyr Gly Met Asp Ala Gly Asp Ala Ala Ser Phe Leu Ala Glu Lys Val
210 215 220
cag tct tee agt agt teg act act age tcc age teg gat gec geg agt
GIn Ser Ser Ser Ser Ser Thr Thr Ser Ser Ser Ser Asp Ala Ala Ser
225 230 235 240
agt tca tect gect geg ggg acg tcg teg teg ggg ttg teg gga ctg tet
Ser Ser Ser Ala Ala Gly Thr Ser Ser Ser Gly Leu Ser Gly Leu Ser

288

336

384

432

480

528

576
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672

720

768
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tct ttt ttt gga ggt ctc taa
Ser Phe Phe Gly Gly Leu
260

<210> 36

<211> 262

<212> PRT

<213> Aspergillus niger

<400> 36
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Met Ala Pro Leu Lys Ser Leu Leu Leu Gly Ala Ser Leu Ala Thr Leu
1 5 10 15
Ala Leu Ser Thr Pro Leu Ala Thr Asp Ala 6lu Asn Leu Tyr Ala Arg
20 25 30
GIn Phe Gly Thr Gly Ser Thr Ala Asn Glu Leu Glu GIn Gly Ser Cys
35 ‘ 40 45
Lys Asp Val Thr Leu Ile Phe Ala Arg Gly Ser Thr Glu Leu Gly Asn
50 55 60
Met Gly Thr Val Ile Gly Pro Pro Leu Cys Asp Asn Leu Lys Ser Lys
65 70 75 80
Leu Gly Ser Asp Lys Val Ala Cys Gin Gly Val Gly Gly Gin Tyr Ser
85 90 95
Ala Gly Leu Val Gln Asn Ala Leu Pro GIn Asn Thr Asp Pro Gly Ser
100 105 110
Ile Ser Ala Ala Lys GIn Met Phe Glu Glu Ala Asn Ser Lys Cys Pro
. 115 o120 125
Asn Thr Lys Ile Val Ala Gly Gly Tyr Ser Gln Gly Ser Ala Val Ile
130 135 140
Asp Asn Ala Val GIn Glu Leu Ser Thr Thr Val Lys Asp GIn Val Lys
145 150 155 160
Gly Val Val Leu Phe Gly Phe Thr Arg Asn Val GIn Asp His Gly Gln
165 170 175
Ile Pro Asn Tyr Pro Lys Asp Asp Val Lys Val Tyr Cys Ala Val Gly
180 185 190
Asp Leu Val Cys Asp Asp Thr Leu Val Val Thr Ala Met His Leu Thr
195 _ 200 205 ,
Tyr Gly Met Asp Ala Gly Asp Ala Ala Ser Phe Leu Ala Glu Lys Val
210 215 220
GIn Ser Ser Ser Ser Ser Thr Thr Ser Ser Ser Ser Asp Ala Ala Ser
225 230 235 240
Ser Ser Ser Ala Ala Gly Thr Ser Ser Ser Gly Leu Ser Gly Leu Ser

245 250 255

260

<210> 37

<211> 2981

<212> DNA

<213> Aspergillus niger

<400> 37

- tectcatece atgetcteee ggcagaacce cggagacaac ccacactaat geacccaaag
caaaatgaca tggattgaat tatccggggt gcatccatct tgttcceeca cacattggac
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cctttectta taatggetge ccecggeaaac ceccaattge tgtttagace agcgcagata
gcaaatctcet cgtctgatta acgatgctaa agctegetgt tgctetttit tegttacttg
ccgtgggcaa tgcagcgeca accaaagtgg cccgttecac ggecagtect acggecaagg
ttcgeaacgg tacatatgtc ggagtgacaa atgegcatta ccagcaagat ttctttttgg
gaatgcegta tgeccagcag cctttaggtg acttgegett cacggtgect cagtecctga
acgaaagctg gagtggcgag cgegacgega aggaatattc caatatctgt gtaggatacg
gtgtgagtgc gcaaatctic ttcgagagee aggeectact agetgeatce tggcactatg
aatataatct aatgggtaga tctgttagac cgactcgatt tggtacccac agtccgaage
ttgtctaacce ttgaatgtca tccgegattc tictgcaaat gagaactcga agctccccgt
gggcatctgg atacatggag gtggcttett tgagggatct agtgctgace agegctacaa
catgtccgeg attgttacca actcctataa gatcggtatg tcgacgtatg cggttgtaga
attagactga ctcggcttge tegeattgta ggaaagecgt tcattgctgt cagettaaac
tatcgecttt cggcatgagg cttcttgagt tccagtcaag tctggggeac tggeaatace
aatctaggta tcagggatca aaggttagca ctecattgga tcaaggagaa tatcgeggea
ttcggaggag acccagataa gatcactatc tggggcgaat ctgccggage gatgtceegtg
ggttatcacc ttgcagcata cggeggtagg gacgatggac tcttccgtgg aggaattatg
gagtcaggag ggactattgc agctagtcca gecaactata ccgggtacca agcgcactat
- gatgagctcy cgggtcaagt cggtigetece gacgtagtag attcgtigea gtgectgege
geagticcgt tcgagaaatt gaacgctget ctcaacacca ccagtggtaa ctcggatttc
aatttcggge ccgtecattga tggagatata atcagggact ggggcagect ccagctegac
aagcatgaat tcgtcasagt cectattctt gcaggtacca ataccgacga agggacagee
tttgggccca caggtatcaa cacgacagag gagttctatg catatctcac aggtatgtgt
gataatgagt taacatcctg asagaaccce agagcagcaa aacgggctaa tctcactgge
agatggcgaa tctggattce agctacceee cacgatcgee caggaaatce tgcagetcta
ccctgatgat ccagcactgg gcatccecga atttctcggt gacactagag tcccgtccaa
.aggctaccaa tggeggegea cctgtgecata cgcaggggac tatgtaatge atgccaaccg
tegecgacaa tgtgaggegt ggacagagac ctcgacgacg gegtactgtt atcgattcaa
tatgegtgceg gecgatgtee ccatectate tggegecace cattttgaag aagttgettt
tgtattcaac aacattgcag gactcgggta ccattacgga aagccgttcg cagggatgec
cgagtcctac gtacagctaa gcaacttgat gaccageatg tgggcatect tcatccacga
tttagaccct aattcgggca tcaaggactc agctgtacag tggcaaccgt acgggaagga
tcagecggtt gatctagtgt ttgatgcgaa tgtcacgage tacagctaca tggagcecaga

-—cacgtggegg-aaggagggga-tegactatat caattecgtg-gecancgegt-actggegata——-2100 -  na TR

agcttcatge tatcgaaaac acatgtgatg agcgtgagag tttttgcectt ccgettgatg
ttgcctgcga gaggaaaagg ttaaggcaaa caaggatggt agggggtaca agegeatcta
agtcggecac ggtagttgat tgatggtice ctcgttagaa gcaaatacag atgccatact
tcctgeaaca aacccagaac ttgttgtaat caagtttttt caaacggatg gtagatcggt
tccgattigt aaaaagcaag atcctagegt tacgagggaa ccaagacacce cacacagagg
agcattacga attccaaatt accaaagcect gtataacaaa aaccagcaga gaccgcectaa
ttagtcaact acagcattgg ticaatgtac ctgcaaggac ctttacacge gtggtcacce
atgtaccaag ccaagccaac ggccaagaca cggaaataac caagaggaaa ccactcccte
caagaatcaa gaacccaggd ggtcaagaga atctggaagc gataaagggg tcttcttttt
tttctttget tacctagaga gggaggagtc ggegttcatc gtcaatcagt agagtgttct
ccgeectgag tggtgtagtc tatatccgga ccatcgggga catgattate atacgatcca
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taaccaagtc cccgattgta ctacggctac caaaactaga atgatgaaaé tattggagta
cgaaaggaac taaaccaata ctaagaaaaa aaaaaaagag taaagaaaaa agagtaaaaa
accaagctcg gaaagtaaaa atttccectg gtcttgttgt cattccecta cctattgaga

_accgggttca ccaatgacag cggatccceg atttgacatq g

<210> 38 .
<211> 1686
<212> DNA
<213> Aspergillus niger

<220>
<221> CDS
<222> (1)..(1686)

<400> 38 .

atg cta aag ctc gct gtt gct ctt ttt tcg tta ctt gec gtg gge aat
Met Leu Lys Leu Ala Val Ala Leu Phe Ser Leu Leu Ala Val Gly Asn
1 5 10 15

gca gcg cca acc aaa gtg gec cgt tce acg gee agt cct acg gee aag

Ala Ala Pro Thr Lys Val Ala Arg Ser Thr Ala Ser Pro Thr Ala Lys

20 25 30
gtt cgc aac ggt aca tat gtc gga gtg aca aat gcg cat tac cag caa
Val Arg Asn Gly Thr Tyr Val Gly Val Thr Asn Ala His Tyr Gln GlIn
35 40 45
gat ttc ttt ttg gga atg ccg tat gcc cag cag cct tta ggt gac ttg
Asp Phe Phe Leu Gly Met Pro Tyr Ala GIn GIn Pro Leu Gly Asp Leu
50 ) 55 60
cgc ttc acg gtg cct cag tce ctg aac gaa agc tgg agt ggc gag cge
Arg Phe Thr Val Pro GIn Ser Leu Asn Glu Ser Trp Ser Gly Glu Arg
65 70 75 80
gac gcg aag gaa tat tcc aat atc tgt gta gga tac ggt acc gac teg

Asp-Ala—tys-Gtu-Tyr-Ser-Asn—Tle-€ys—VatGly Tyr-Gly-Thr-Asp-Ser
85 . 90 95
att tgg tac cca cag tcc gaa get tgt cta acc ttg aat gtc atc cgc
Ile Trp Tyr Pro GIn Ser Glu Ala Cys Leu Thr Leu Asn Val Ile Arg
100 . 105 110
gat tct tct geca aat gag aac teg aag ctc ccc gtg gge gtc tgg ata
Asp Ser Ser Ala Asn Glu Asn Ser Lys Leu Pro Val Gly Val Trp Ile
115 120 125
. cat gga ggt ggc ttc ttt gag gga tct agt gct .gac cag cgc tac aac
His Gly Gly Gly Phe Phe Glu Gly Ser Ser Ala Asp Gln Arg Tyr Asn
130 135.. 140

atg tcc gccj att gtt gcc aac.tcc tat aag atc gga aag ccg ttc att

67/71
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Met Ser Ala Ile Val Ala Asn Ser Tyr Lys Ile Gly Lys Pro Phe Ile

"145 150 ' 155 160

gct gtc age tta aac tat cgc ctt tcg gea tgg gge tte ttg agt tec

Ala Val Ser Leu Asn Tyr Arg Leu Ser Ala Trp Gly Phe Leu Ser Ser -

165 - 170 175
agt caa gtc tgg ggc act ggc aat acc aat cta ggt atc agg gat caa
Ser GIn Yal Trp Gly Thr Gly Asn Thr Asn Leu Gly Ile Arg Asp Gin
180 185 190
agg tta gca ctc cat tgg atc aag gag aat atc gcg gca ttc gga gga
Arg Leu Ala Leu His Trp Ile Lys 6lu Asn Ile Ala Ala Phe Gly Gly
195 200 205
gac cca gat aag atc act atc tgg ggc gaa tct gec gga geg atg tec
Asp Pro Asp Lys Ile Thr Ile Trp 61y Glu Ser Ala Gly Ala Met Ser
210 215 220

'gtg ggt tat cac ctt gca gca tac ggc ggt agg gac gat gga ctc ttc

Val Gly Tyr His Leu Ala Ala Tyr Gly Gly Arg Asp Asp Gly Leu Phe
225 230 235 - 240
cgt gga gga att atg gag tca gga ggg act att gca gct agt cca gee
Arg Gly Gly Ile Met Glu Ser Gly Gly Thr Ile Ala Ala Ser Pro Ala
245 250 255
aac tat acc ggg tac caa gcg cac tat gat gag cte gcg ggt caa gtc
Asn Tyr Thr Gly Tyr GIn Ala His Tyr Asp Glu Leu Ala Gly GIn Val
260 265 270
ggt tgc tcc gac gta gta gat tcg ttg cag tgc ctg cgc gaa gtt ccg
Gly Cys Ser Asp Val Val Asp Ser Leu GIn Cys Leu Arg Glu Val Pro
275 ' 280 285
ttc gag aaa ttg aac gct gct cte aac acc acc agt ggt aac tcg gat
Phe Glu Lys Leu Asn Ala Ala Leu Asn Thr Thr Ser Gly Asn Ser-Asp
290. ' 295 ~ 300
ttc aat ttc ggg ccc gtc att gat gga gat ata atc agg gac tgg ggc
Phe Asn Phe Gly Pro Val Ile Asp Gly Asp Ile Ile Arg Asp Trp Gly
305 310 315 320

agc ctc-cag-cta—gac=aag-cat—gaa-tic- gt:c—aaa—gtc—cct —att—ctt—gca**-‘—'-—'——loeﬁ

Ser Leu GIn Leu Asp Lys His Glu Phe Val Lys Val Pro Ile Leu Ala
325 330 335
gat acc aat acc gac gaa ggg aca gcc ttt ggg ccc aca ggt atc aac
Gly Thr Asn Thr Asp Glu Gly Thr Ala Phe Gly Pro Thr Gly Ile Asn
340 345 350
acg aca gag gag ttc tat gca tat ctc aca gat ggc gaa tct gga tte
Thr Thr Glu Glu Phe Tyr Ala Tyr Leu Thr Asp Gly Glu Ser G]y Phe
355 360 - 365
cag cta ccc ccc acg atc gec cag gaa atc ctg cag ctc tac cct gat
GIn Leu Pro Pro Thr Ile Ala Gin 6lu Ile Leu G1In Leu Tyr Pro Asp
370 375 : . 380
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gat cca gca ctg gge atc cce gaa ttt ctc ggt gac act aga gtc ccg
Asp Pro Ala Leu Gly I1e Pro Glu Phe Leu Gly Asp Thr Arg Val Pro
385 390 . 395 400
tcc aaa ggc tac caa tgg cgg cgc acc tgt gea tac gca ggg gac tat
Ser Lys Gly Tyr Gln Trp Arg Arg Thr Cys Ala Tyr Ala Gly Asp Tyr
405 410 415
gta atg cat gcc aac cgt cge cga caa tgt gag gcg tgg aca gag acc
Val Met His Ala Asn Arg Arg Arg GIn Cys Glu Ala Trp Thr Glu Thr
420 425 : 430

tcg acg acg geg tac tgt tat cga ttc aat atg cgt geg gce gat gtc
Ser Thr Thr Ala Tyr Cys Tyr Arg Phe Asn Met Arg Ala Ala Asp Val

435 440 445 )
ccc atc ctg tct gge gee acc cat ttt gaa gaa gtt get ttt gta ttc
Pro Ile Leu Ser Gly Ala Thr His Phe Glu Glu Val Ala Phe Val Phe

450 455 460
aac aac att gca gga ctc ggg tac cat tac gga aag ccg ttc gca ggg
Asn Asn Ile Ala Gly Leu Gly Tyr His Tyr Gly Lys Pro Phe Ala Gly
465 470 475 : 480
atg ccc gag tcc tac gta cag cta agc aac ttg atg acc agc atg tgg
Met Pro Glu Ser Tyr Val GlIn Leu Ser Asn Leu Met Thr Ser Met Trp
485 490 - 495
gca tcc tic atc cac gat tta gac cct aat tcg ggc atc aag gac tca
Ala Ser Phe Ile His Asp Leu Asp Pro Asn Ser Gly Ile Lys Asp Ser
500 505 510

gct gta cag tgg caa ccg tac ggg aag gat cag ccg gtt gat cta gtg

Ala Val GIn Trp GIn Pro Tyr Gly Lys Asp GIn Pro Val Asp Leu Val

515 520 . 525
ttt gat gcg aat gtc acg agc tac agc tac atg gag cca gac acg tgg
Phe Asp Ala Asn Val Thr Ser Tyr Ser Tyr Met Glu Pro Asp Thr Trp
530 - 536 540
cgg aag gag ggg atc gac tat atc aat tcc gtg gcc aac gcg tac tgg
-Arg Lys Glu Gly Ile Asp Tyr Ile Asn Ser Val Ala Asn Ala Tyr Trp

545 -1 1: S

cga taa
Arg

<210> 39

<211> 561

<212>. PRT

<213> Aspergillus niger

<400>" 39
Met Leu Lys Leu Ala Val Ala Leu Phe Ser Leu Leu Ala Val G]y Asn
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1 5 10 15

Ala Ala Pro Thr Lys Val Ala Arg Ser Thr Ala Ser Pro Thr Ala Lys-

20 25 30
Val Arg Asn Gly Thr Tyr Val Gly Val Thr Asn Ala His Tyr GIn 6In
"35 40 45 -
Asp Phe Phe Leu Gly Met Pro Tyr Ala GIn G1n Pro Leu Gly Asp Leu
50 55 60

| Arg Phe Thr Val Pro GIn Ser Leu Asn Glu Ser Trp Ser Gly Glu Arg )

65 70 75 . 80
Asp Ala Lys Glu Tyr Ser Asn Ile Cys Val Gly Tyr Gly Thr Asp Ser
85 90 95
Ile Trp Tyr Pro GIn Ser Glu Ala Cys Leu Thr Leu Asn Val Ile Arg
100 105 110
Asp Ser Ser Ala Asn Glu Asn Ser Lys Leu Pro Val Gly Val Trp Ile
115 120 125
His Gly Gly Gly Phe Phe Glu Gly Ser Ser Ala Asp GIn Arg Tyr Asn
130 135 140

Met Ser Ala Ile Val Ala Asn Ser Tyr Lys Ile Gly Lys Pro Phe Ile ~

145 150 155 160
Ala Val Ser Leu Asn Tyr Arg Leu Ser Ala Trp Gly Phe Leu Ser Ser
165 170 175
Ser GIn Val Trp Gly Thr Gly Asn Thr Asn Leu Gly Ile Arg Asp GIn
180 185 190
Arg Leu Ala Leu His Trp Ile Lys Glu Asn Ile Ala Ala Phe Gly Gly
195 200 205
Asp Pro Asp Lys Ile Thr Ile Trp Gly Glu Ser Ala Gly Ala Met Ser
210 215 220

Val Gly Tyr His Leu Ala Ala Tyr Gly Gly Arg Asp Asp Gly Leu Phe.

225 230 235 240
Arg Gly Gly Ile Met Glu Ser Gly Gly Thr I1e Ala Ala Ser Pro- Ala
245 250 255
Asn Tyr Thr Gly Tyr GIn Ala His Tyr Asp Glu Leu Ala Gly Gin Val
-260— — ~265———=—= —270 -

Gly Cys Ser Asp Val Val Asp Ser Leu GIn Cys Leu Arg 61lu Val Pro
275 280 285
Phe Glu Lys Leu Asn Ala Ala Leu Asn Thr Thr Ser Gly Asn Ser Asp
290 295 300
Phe Asn Phe Gly Pro Val Ile Asp Gly Asp Ile Ile Arg Asp Trp Gly
305 310 315 320
Ser Leu GIn Leu Asp Lys His Glu Phe Val Lys Val Pro Ile Leu Ala
- 325 330 335
Gly Thr Asn Thr Asp Glu Gly Thr Ala Phe Gly Pro Thr Gly Ile Asn
: 340 . 345 350
Thr Thr Glu Glu Phe Tyr Ala Tyr Leu Thr Asp Gly Glu Ser Gly Phe

7071
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355 360 365
Gin Leu Pro Pro Thr Ile Ala GIn Glu Ile Leu GIn Leu Tyr Pro Asp
370 375 380
Asp Pro Ala Leu Gly Ile Pro Glu Phe Leu Gly Asp Thr Arg Val Pro
" 385 390 395 o 400
Ser Lys Gly Tyr GIn Trp Arg Arg Thr Cys Ala Tyr Ala Gly Asp Tyr
"~ 405 410 415
Val Met His Ala Asn Arg Arg Arg Gin Cys Glu Ata Trp Thr Glu Thr
420 425 430
Ser Thr Thr Ala Tyr Cys Tyr Arg Phe Asn Met Arg Ala Ala Asp Val
' 435 440 445 .
Pro 11e Leu Ser Gly Ala Thr His Phe Glu Glu Val Ala Phe Val Phe
450 455 460
- Asn Asn Ile Ala Gly Leu Gly Tyr His Tyr Gly Lys Pro Phe Ala Gly
465 470 475 480
Met Pro Glu Ser Tyr Val GIn Leu Ser Asn Leu Met Thr Ser Met Trp
485 : 490 495
Ala Ser Phe Ile His Asp Leu Asp Pro Asn Ser Gly Ile Lys Asp Ser
500 505 - 510
Ala Val GIn Trp GIn Pro Tyr Gly Lys Asp GIn Pro Val Asp Leu Val
515 520 525
Phe Asp Ala Asn Val Thr Ser Tyr Ser Tyr Met Glu Pro Asp Thr Trp
530 535 540
Arg Lys Glu Gly Ile Asp Tyr Ile Asn Ser Val Ala Asn Ala Tyr Trp
545 550 555 560

Arg
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